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‘ENGLISH ELECTRIC’ designs and manufactures water turbine 

generators for high, medium and low head applications and 

also electrical distribution and transformation equipment for 
power stations all over the world. 


ENGLISH ELECTRIC 


hydro-electric equipment 








RESEARCH 
FOR 
Specialists in the PE RFECTIO N 


manufacture of : 


AIR-BLAST SWITCHGEAR 
SMALL-OIL-VOLUME SWITCHGEAR 
METALCLAD SWITCHGEAR 
AIR-BREAK SWITCHGEAR 
FLAMEPROOF SWITCHGEAR 
SWITCH-AND-FUSE GEAR 
CONTROL EQUIPMENT 
PROTECTIVE GEAR 

A.C. COMMUTATOR MOTORS 
ARC-WELDING EQUIPMENT 
ELECTRICAL ACCESSORIES 






All Reyrolle products 
are backed by highly 
organised research and 
development facilities 
to ensure the excell- 
ence of performance 
for which they are 
noted 


Reyrolle 


A. REYROLLE & CO. LIMITED HEBBURN - COUNTY DURHAM - ENGLAND 
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DE ROLL Butterfly Valve, 
automatically shutting 

in the event of penstock rupture, 

at Ernen Power Station (Switzerland), 
nominal diameter 1900 mm (75 in.), 
working pressure 4,8 kg/cm? (68 psi), 
with weight Drive for shutting 

and oil-pressure operated Servomotor 


This is the stone for opening 
that makes 
the tower 
stand or fall. 
In a Power Station 
it is the Shut-off Valves 
that provide for the safety 


of the entire plant 
and thereby 
make it stand or fall 


Shut-off Valves 


our speciality 


DE ROLL Iron Works, Klus (Switzerland) 
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SAKAI IRON WORKS CO., LTD. 


HEAD OFFICE: WISHI, 6-CHOME, TSUMORI-CHO, NISHINARI-KU, OSAKA, JAPAN CABLE ADDRESS: “SAKATETSU OSAKA” 
TOKYO OFFICE: NIHONBASHI-GOFUKUBASHI, CHUO-KU, TOKYO, JAPAN CABLE ADDRESS: “SAKATETSU TOKYO” 
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Boving 
design 
and 

finish — 
ensure 
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This solid cast stainless . ' Constant research into design 
Se steel runner for Scotland. and production methods, 

Mp, illustrates the high quality of backed by the latest 

. ; f advances in technology, 
maintain Boving Quality at 
the highest standard. 


High quality finish 





ensures high efficiency, 
increases reliability, and 


reduces costly outages. 


VILLIERS 






DUSE 41-47 STRAND LONDON WC2 
ah . é. pas? 


WATER POWER August 1961 5 














SOCIETA ROMANA DI ELETTRICITA - SOCIETA IDROELETTRICA ALTO LIRI - ROMA ITALY | 


PONTECORVO HYDRO-ELECTRIC PROJECT 





CONCRETE PRESTRESSED SLABS 1: THICK DESIGNED, MANUFACTURED AND INSTALLED 
FOR THE LINING OF THE 9 MILES HEADWATER CHANNEL 


COSTRUZION! GENERALI FARSURA 


COGEFAR SpA. 


Galleria Passarella 1 - Milano - Italy 


Civil engineering contractors 
Hydroelectric projects - Dams - Tunnels 
Airports - Roads - Public works 





64'000 HP Pelton Turbine Goschenen 


TRADITIONAL SWISS A century of experience in design and 
ENGINEERING SKILL AND QUALITY construction of waterpower- 

equipment and constant research 

in two hydraulic laboratories, 

one of them especially equipped for cavitation tests, 

assure the reliablity and 

efficiency for which Bell turbines 

are renowned 


Bell builds: 

Water Turbines, Spherical straight flow valves, 
Butterfly valves, Penstocks and supply pipings, 
Pressure tunnel liners, 


KAIENS Partially or fully automatic and remote controlled plants, 
Power house cranes, 
Towers for transmission lines, 
Water control equipment 
if Some projects with Bell Equipment: 
Francis Turbines - Guyabo (EI Salvador) head 56 m, 
24’800 HP - Barenburg (Switzerland) head 340 m, 85’000 HP 


(Supply together with Charmilles) 

Pelton Turbines - Gdschenen (Switzerland) head 698 m, 

64'000 HP - Sedrun (Switzerland) head 588 m, 70’000 HP 
Bell Engineering Works Ltd. Kaplan Turbines - Wildegg Brugg (Switzerland) head 15,3 m 
Kriens/Lucerne (Switzerland) 34’°000 HP - Petadjaskoski (Finnland) head 19 m, 67’°600 HP 
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66, OOOlbs. 


(30,000 kg) ih HEAVY DUTY TYPE SUSPENSION INSULATOR 






12-5/8” (320 mm) Dia. and 7-11/16” (195 mm) Spacing 
NGK Cat. No. CA-59OND; IEC recommended 24mm ball & socket coupling 











HIGH VOLTAGE INSULATORS 


Overhead line insulators 


Switchgear post insulators 
Transformer bushings 
Insulators for railway electrification 


Custom-made porcelains 


sP106 


STEATITE AND PORCELAIN PRODUCTS LTD. 


STOURPORT-ON-SEVERN, WORCS. TEL: STOURPORT 2271 GRAMS: STEATAIN, STOURPORT 
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BUILDING 
FOR 


POWER 


Huwood Conveyors are in wide 
use, not only in Britain but 
throughout the world—one of their 
most important applications being 
in the work of dam building for 
hydro-electric schemes. 


They have been chosen because 











they offer the highest degree of 
adaptability to varying sites, the 
utmost reliability, and the mini- 
mum of routine maintenance. 


HUGH wooo co. LTD. 


ice 


GATESHEAD YAL ) FINSBURY SQUARE, LONDON EC.2 


Telephone , Monarch 3273 (4 lines 


- {. Gateshead 
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WE DESIGN AND CONSTRUCT GATES 


of all systems 

for river and 

storage plants 

lock gates, 

regulating gates with 
automatic control, 
turbine emergency gates, 
bottom outlets and 
tunnel gates. 





Spillway Radial 
Gates for 


Bhumiphol Dam, 


Thailand; 
height 17.4 m, 
width 11 m, 
weight 130 t. 


each. 








WAAGNER-BIRO 


WIEN AKTIENGESELLSCHAFT GRAZ B 


HEAD OFFICE: WIEN V, MARGARETENSTRASSE 70 AUSTRIA 
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Welder Svensson 
is going places 


He certainly is. Trained at Svenska Metallverken’s Welding Institute, he has 
been busy at atomic reactor projects in Belgium and the Netherlands, as well 
as in Sweden itself. Aluminium is in many ways an excellent material for 
nuclear applications, but... considerable skill is required in welding it. Here 
Svenska Metallverken’s long experience of working aluminium has proved in- 
valuable. Even before the first World War, Svenska Metallverken was welding 
aluminium. It was first in Sweden, too, to use the inert-gas shielded arc process. 
And Welder Svensson is not exceptional — what is exceptional is the number 
of Metallverken-trained welders who are qualified for nuclear work. 


SVENSKA METALLVERKEN 


EXPORT DIVISION + VASTERAS + SWEDEN 








POWER LINE 
BUILDERS 
BENEFIT 100 





Most of the mach fF at Svenska Metall- 
verken's Feral Cale department have been 
designed specifically for the metals in quesiion 
— in this case aluminium, Here automatic 
devices help production and offset human 
failings. Coils of wire rod are welded together 
before drawing. Large wirebars mean longer 
rod coils and fewer welds — and even before 
being coiled, an electronic device has detected 
any defects in the rod. Then again, there is 
in automatic device for stopping the machines 
as soon as a predetermined length of wire 
has been spooled into the reels of the standing 
machines — where it finally becomes Feral 


Cable, reliable Swedish ACSR. 





Push-button operated continuous rod- 
mill at Svenska Metallverken’s Feral 
Cable Department. 


MANUFACTURERS OF 
FERAL CABLE A.C.S.R. 
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HYDRAULIC STRUCTURES 


Sector weir of 50 m clear width and 4.55 m water 
head in the River Elbe at Geesthacht near Hamburg. 
Illustration shows the gate in course of erection. Sector 
weirs are hydraulically operated submersible gates 
moved by regulation of the water enclosed in the 
sector chamber. As opposed to drum gates, they are 
particularly appropriate for weir plants in rivers where 


comparatively slight variation in the water level occurs. 


MASCHINENFABRIK AUGSBURG-NURNBERG AG - GUSTAVSBURG WORKS 
GUSTAVSBURG/HESSEN (GERMANY) - REPRESENTATIVES IN ALL COUNTRIES 





HYDRAULIC 
TURBINES 











CHARMILLES 


CHARMILLES ENGINEERING WORKS LTD. 
GENEVA - SWITZERLAND 


SNOWY MOUNTAINS HYDRO-ELECTRIC AUTHORITY (AUSTRALIA) 
Four 110000 BHP Francis turbines for the TUMUT 2 Power Station 


WATER POWER August 1961 














DIAMOND DRILLING 
— . 

jai 

We are at your service with skilled i 

drillers, and equipment to 


undertake your drilling programme. 









Or alternatively to supply British 


manufactured machines and equipment 





for air or water flush drilling. 


Drills, derricks, pumps 
and equipment. Portable 
and flexible over a 
wide range of bore 

hole depths and sizes. 





BOYLES BROS. DRILLING CO. LTD. 


Newcastle-upon-Tyne 3 + Phone: Newcastle 5390/ 
ASSOCIATED WITH BOYLES BROS. DRILLING CC. LTD., VANCOUVER, CANADA 


WATER POWER August 1961 





ha 
a 2 











\ 


SS 








16 


es gauges 
with zero adjustment 


These Bourdon-tube gauges, now being supplied by Cockburns, 
are exceptionally accurate, robust, reliable and keenly priced. 
Their design has been proved by extensive use in chemical 
petroleum, refrigeration and marine industries throughout the 
world. 

The preliminary-pressure and fluctuation shock inaccuracies 
common to gauges with needle-stops are completely obviated 
in the compound design. The zero adjustment ensures com- 
plete accuracy over the whole scale, at all times, without 
recalibration. 

Standard gauges are available for all pressures, graduated in 
Ibs./in.2 or kg./cm?. A super quality gauge with heavy duty 
rotary movement designed in association with leading Oil En- 
gineers is also available. Gauges with special corrosion or 
wear-resistant internals can be supplied. 


Cockburns Measuring Instruments 


A new standard of Accuracy, Robustness and Reliability 





COCKBURNS LTD 


CARDONALD - GLASGOW Swi 
LONDON OFFICE: 175 PICCADILLY W1 
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AGHIEVEMENT IN THE WILDERNESS 









Give the beaver a valley, a stream 
and enough trees and there’s no limit 
to the efforts he'll make. Dams a thou- 
sand feet long containing as many tons 
of material, holding back ‘ponds’ 
thousands of acres in extent—canals, stretching 
\ for hundreds of yards to a particular stand of tim- 

ber—iwo-storey ‘houses’ sometimes forty feet in 

diameter—a strange and wonderful ‘civilisation’ 

flourishing where once the forest stood unchal- 


Cemented with frozen mud, the beaver's lenged. 
lodge shelters him from the elements and On an infinitely greater scale but with the same 
j nemies. The lower chamber, . ; ‘ ‘ 

his many enemies. The ower < ‘ be inexhaustible energy and aptitude Sor tha job as 

entered from underwater, is his ‘dining - ha 

room, while above it, the sleeping space are creating the mechanism of modern life in places 

is lined with cedarwood shavings or which for centuries have withstood the encroach- 
peeled twigs. ment of man. Like the beaver, we are eager to build 


—and the wilderness is a challenge to be met and 


conquered. 


a 


MITCHELL GONSTRUCTION 


<r - EEE" 


BUILDING & CIVIL ENGINEERING CONTRACTORS 


THE MITCHELL CONSTRUCTION COMPANY LTD. 


WHARF WORKS PETERBOROUGH 
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Electricite de France 
2 Francis Turbines 114,300 HP each, under a head of 


124,5 metres, speed 214 t/min., during erection in 4 
the power station of 


: Ny tea os 
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Vevey Engineering Works ltd in collaboration with our French licensee: 


Cie des Ateliers et Forges de la Loire, St-Chamond (Loir¢) 
Vevey (Switzerland) 
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The Nile, the life blood of Egypt, is now harnessed 


at Aswan to provide power for the needs of the 
nation. 


2 
BLY 


In addition to supplying two 49.5 MVA generators 
and all power transformers for this huge project 
ASEA has also furnished all switchgear, auxiliary 
apparatus, cables and steel structures for the 


132 kV switching station. 


For complete 
power installations — 


ASEA 


Vasterads Sweden 
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Runner and shaft for Upper Vinstra Power Plant, 
rated output 92,000 H.P., 428 rev./min., mean net head 320 metres. 
Kvaerner Brug has delivered Francis turbines for 
heads up. to 543 metres, 


wal 


Vibkwn we Sawn w ao 





ELECTRICAL PORCELAIN ENGINEERING 


BY DOULTON 


Backed by a century and a half of ceramic manufacture, a first class 
research laboratory, a modern factory, a highly trained technical staff and 
the latest test equipment, Doultons offer an unrivalled service to the 
electrical engineering world 


Doulton Insulators are made for 
standard voltages spanning a 
range of 400 to 400,000 volts. 
Many hundreds of thousands are 
in use to-day over the world’s 
surface. 


Three typical designs of high 


voltage insulators in general use 
are shown below. 


33 kV Pin Insulator, Type BC. 28 


Complying with B.S. 137/1960 
Minimum Failing Load 2400 Ib. 


Disc Insulator, Type P.42B/8/5515 


Complying with B.S. 137/1960 
Minimum Failing Load 42000 Ib. 


Disc Insulator, Type F.42B/6}/5803 Pe 
Complying with B.S. 137/1960 j waite i 
Minimum Failing Load 42000 Ib. ; 


ee 


Write to Publicity Department 
for latest literature 








Arzignano - Vicenza - Italy 


Industrie Elettromeccaniche 


Special semi-body connection 





For water works, 
storage plants, 

industrial works, 
pumping plants. 


















































Detail of mechanical seal 





PD pumps are of the horizorta! shaft, single-suction, multi-stage, 
centrifugal type. Heavy built, these pumps are highly efficient and 
have every mechanical feature to assure long trouble-free service. 

The body of the pump is split in two halves along the horizontal 
centerline; therefore, it can be easily inspected and quickly dis- 
mantled without removing the pump and disturbing the suction 
and discharge pipe connections. The impellers are in series and 
opposed in sets, so as to balance the hydraulic pressures. Axial 
loads on the bearings are thus eliminated, resulting in a more 
reliable and trouble-free operation of the pump. 

The shaft is of high-strength steel and it is lined with protective 
sleeves where facing the wearing faces of the stuffing boxes with 
adjustable stuffing glands. Deep boxes accommodate large packing 
rings. Suitable connections to the sealing supply line are also 
provided. 

Bearing housings of the outboard type, are provided with grease- 
lubricated heavy duty ball or roller bearings and thrust bearings, 
for residual or accidental thrusts. 

Photo on the left: 2 pumps, type PD 250/300/2, driven by 
300 HP NU 2500/4 induction motors, total capacity 24,000 litres 
(5,280 gallons) per minute, 80-metre (262 ft.) head; 2 pumps, type 
PD 225/250/2, driven by 200 HP NU 2000/4 induction motors, 
total capacity 18,000 litres (3,960 gallons) per minute, 80-metre 
(262 ft.) head. Universal Exhibition Board, Rome. 

Please ask for catalogues, price lists, estimates. Our experts are 
entirely at your service. 


PELLIZZHRI 








AB 


Representatives in Canada: A, Johnson & Co. Ltd., P.O. Box 56, Montreal 16 


KARLSTADS 





1961 


-a Record Year for 


KMW Turbines 


In 1961 not less than 17 KMW 
turbines, with a total output of 
about 900,000 h.p., will be put into 
service at 11 power stations in 
different countries. 
The picture shows the runner for 
the Francis turbine for Stalon 
power station in Sweden. Output 
150,000 h.p. 


KARLSTAD - SWEDEN 






MEKANISKA WERKSTAD 














Complete 


abel cedr=)(-101 4a (omm e) F-Van 








Assembly at works of an 1150 kW Francis 
turbine for Piilmaiquen Power Station of Messrs 


Endesa. Santiago (Chile) 


Wheel of a 35 200 kW Peltsn turbine for 


Lanzada Power station of So Vizzola Milan 


Whee! of a 35 750 kW Kaplan turbine for Ybbs 
Persenberg Power station of Osterreichische 


Donaukrattwerke Wien 











ANSALDO-SAN GIORGIO 
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DEBUT 


at Red Rock Falls 


Woodward introduces 
new Electric-Hydraulic 
Waterwheel Governor 


“Worlds oldest 
and largest 
manufacturer 
of hydraulic 
governors 
exclusively” 





H-107 
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At Ontario's Red Rock Falis Generating Station on the 
Mississagi River, Woodward's first production Electric-Hydraulic 
Waterwheel Governor has been installed. Woodward's twin-type 
Electric-Hydraulic Cabinet Actuator controls two Dominion 


Engineering Works Turbines, each rated at 26,500 h.p. 


For traditional excellence of design, quality of workmanship, 
precision performance, reliability and service life, 
Woodward Mechanical-Hydraulic Governors have long 
been the standard of the world. To these qualities 

are now added the simplicity and versatility of electric 
speed sensing with Woodward’s new Electric-Hydraulic 
Cabinet Actuator. Such mechanical devices as the 
ballhead assembly and temporary droop dashpot are 
supplanted by static electrical components that offer 
advantages for certain plants — (1) continuous control 
signals can be used with particular benefit on fringe control, 
(2) greater flexibility in arrangement of equipment 

is possible because electrical controls can be remotely 
located from the distributor valve assembly, and 

(3) operating and maintenance personnel are already familiar 
with similar electrical equipment in other plant functions. 


For the finest in prime mover control, always specify 
Woodward waterwheel governing equipment — 
either electric-hydraulic or mechanical-hydraulic. 


WOODWARD GOVERNOR COMPANY 


ROCKFORD, ILLINOIS 


Fort Collins, Colorado * Schiphol, The Netherlands + Slough, England + Tokyo, Japan 
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ALL THE 
WORLD WIDE... 

80 YEARS 
DEEP 


RapieR engineers can draw on 80 years’ world-wide 








experience when designing, manufacturing 






and installing hydraulic sluice structures for power 
stations, turbine intakes, draft tubes, dam 
culverts and spillways — as well as for irrigation, flood 








control and water supply. This experience 





added to the comprehensive technical resources of the 






Ransomes and Rapier works at 






Ipswich is always available against enquiries 









RANSOMES AND RAPIER LIMITED 
Waterside Works, Ipswich - Tel. 56383 
Telegrams & Cables: Sluice Ipswich Telex 
A Newton Chambers Company 
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Cleans up costly head losses 


... fakes-in savings enough to pay for itself! 


Here’s intake-trash removal so far 
ahead of hand methods that “once 
sold is sold forever!” Leonard trash 
rake installations deliver savings 
both in reduced head loss and labor 
costs. And they bring a permanent 
solution to shortages of people to do 
the job — make trash removal a 
one-man operation. 


Outside United States contact Allis-Chalmers 


Leonard trash rakes roll right down 
your existing rack bars whether ver- 
tical or inclined. Because no channel 
guides are needed, they freely ride 
over stubborn obstructions, dig them 
loose, scoop trash up to the waiting 
receptacle or car. Self-dumping units 
also are available—both log-grapple 
and regular models. 


Leonard is an Allis-Chalmers trademark. 


WATER POWER August 


With Allis-Chalmers trash rakes 
even the initial investment is low. 
Width is held to the logical mini- 
mum required for adequate handling 
of trash . . . standard 6- and 8-foot 
sizes. Larger units special. Your 
nearby A-C representative has full 
details. Or write Allis-Chalmers, 
Hydraulic Division, York, Pa. 


A-1307 


International, or in Canada, contact Canadian Allis-Cha!mers 


1961 
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AIR VALVES 
for pipelines 












AIR RELIEF VALVES in single and double conven- 
tional and Kinetic patterns—the Kinetic style can- 
not be blown shut prematurely by discharging air. 
ANTI-VACUUM VALVES in cowled and piped inlet 
forms for preventing the formation of vacuum in a 
line and thus safeguarding it against collapse. 





en 
[GLENFIELD & -KENNEDY. LIMIT MARNOCK 


HEAD OFFICE G WORKS: 
KILMARNOCK + SCOTLAND 









COWLED INLET 
ANT!I-VACUUM VALVE 





PIPED INLET 
ANTI-VACUUM VALVE 
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Kuljian experience in water resources development 
makes possible the undertaking of every phase of 
your water utilization project. The Kuijian staff of 
internationally recognized specialists has supervised 
the design and construction of many of the world’s 
largest hydroelectric stations, pumping plants and 
water resources development projects. 


Kuljian brochures illustrate and detail the diversity 
of Kuljian services. Write for copies today. 


ADDITIONAL KULJIAN SERVICES 


Surveys « Investigations *« Reports + Water Resource 
Development + Reservoirs and Dams « Hydroelectric Power 
Stations *« Transmission and Distribution Sub Stations + 
Pumping and Filtration Plants + Tunnels and Aqueducts «+ 
Irrigation and Flood Control + Other Reclamation Activities 


Pl 
en cr — Fm, 
ae ee ee ~ 

EY OS a 
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DESIGN + ENGINEERING « PROCUREMENT CONSTRUCTION « REPORTS 


WATER POWER August 1961 





Boosting Japan's electrical power capacity for her busy industries is the mis- 


sion of these huge generators. This autumn they'll each begin generating 


133,000 kVA-—-enough power to bring progress to an area of twenty million 
people. They were built by Toshiba, where 85 years’ accumulated experience 
is daily translated into thousands of quality electrial products for home ond 


industry throughout the world. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


Tokyo, Japan Cable TOSHIBA TOKYO 





YES, WHEN IT’S A MATTER OF ELECTRICAL 


INSULATING MATERIALS, M &!1 CAN, AND DO SUPPLY 


MICA; block, splittings and fabricated parts. 

MICANITE ; built-up mica insulation of every type, sheets, tubes, 
cylinders, V-rings, covered bars, segment separators, fabricated 
parts, etc. 

““SAMICA”’ ; mica paper insulation. 

“PAXOLIN”’; synthetic resin bonded laminates having paper, 
fabric, glass, nylon, asbestos or other fillers are bonded with 
ethoxyline, melamine, phenolic, silicone or other resins to 
produce various grades for punching, moulding or machining. 


SILICONE INSULATION ; a range of materials for Class H applica- 
tions, silicone glass fabric, silicone bonded glass laminates, 
silicone bonded Micanite sheets, tubes, V-rings, etc., silicone 
glass/mica tapes, silicone combination insulation and silicone 
elastomer tapes. 

EMPIRE VARNISHED INSULATION; paper, cotton, silk, Terylene, 
nylon and glass in the form of sheets, and tapes treated with 
various impregnants including ethoxyline. 


COMBINATION INSULATION; flexible Micanite backed on one or 
both sides with paper, cotton, silk, nylon, ‘‘ Terylene’’, glass, 
presspaper, leatheroid, ‘‘Melinex’’ film, etc., in various 
combinations. 


COPPER FACED “ PAXOLIN” 


HIGH VOLTAGE BUSHINGS & INSULATORS; for all voltage ratings 
and for indoor and outdoor equipment. 

TRANSFORMER CYLINDERS. 

**PANILAX” (aniline-formaldehyde) resin mouldings. 
VULCANISED FIBRE; sheets, tubes, rods and fabricated parts. 
LEATHEROID ; sheets, rolls and punched parts. 

PVC POLYTHENE & OTHER THERMOPLASTICS; extrusions and in- 
jection mouldings of all types including PVC sleevings. 


**Pazolin’’, ‘‘Samica’’ and ‘‘Panilax’’ are registered trade marks. 
**Melinez’’ and ‘‘Terylene’’ are registered trade marks of I.C.I. 
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Joining the steel plate scroll casing to 
the stay ring during factory assembly of 
the Union Valley turbine. 


mum TW EL. 443).0 








LEFFEL BUILDS 53,000 H.P. TURBINE FOR 
SACRAMENTO MUNICIPAL UTILITY DISTRICT 


A vertical shaft, spiral case Francis turbine 
rated at 53,000 H.P. under a 416 foot net head at 
227 R.P.M. is now under construction at Leffel 
for the Sacramento, California, Municipal 
Utility District’s Upper American River Valley 
Project. This turbine is to be installed at the 
Union Valley Power House. 

Leffel turbines, from giants such as this Union 
Valley unit to the very smallest, have estab- 
lished outstanding records for efficiency and re- 


liability in thousands of installations all over the 


world. To be sure of maximum efficiency and 
reliability from your next water power project, 
— whether it’s a completely new installation or 
the expansion or rehabilitation of existing fa- 
cilities — take advantage of Leffel’s century of 


experience in turbine design and construction. 


Leffel specialists in water power development 
are available for consultation without obliga- 
tion. A phone call or a letter outlining your 


requirements will get action... fast. 


Sheet 1115-E 


“\ THE JAMES LEFFEL & CO. 


DEPARTMENT W @ SPRINGFIELD, OHIO, U. S. A. 


MORE EFFICIENT 
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For many years ESC has been the 
leading supplier of steel forgings 
to many vital industries. 
Forgings in weights up to 175 
tons are manufactured in our 
high quality carbon and alloy 
steels—single piece engineering 
units produced from ingots 


weighing up to 300 tons—and 


other forgings from ingots 


30 cwt. and upwards—for all 


branches of engineering. 


ENGLISH STEEL FORGE AND ENGINEERING CORPORATION LTD. 


River Don Works, Sheffield A wholly owned subsidiary of English Steel Corporation Ltd. 


Illustrations show a forging 
operation under a 7,000 ton 
electro-hydraulic press, rough 
machined and black forged steel 
Turbine shafts, 22’ 11” long, 

3’ 8” diameter with 6° 2” and 
6’ 4” diameter couplings— 
Weight as forged 111% tons, 
rough machined 70 tons—for a 
modern hydro-electric power 
project 
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transformers, cooled by separately mounted radiators, 


Six single-phase 
forming two 75 MVA three-phase banks, ratio 1] + 5% 
transformers have been supplied to C.E.B. (Consorzio Elettrico del Buthier), 


Turin, Italy, for the Valpelline power station; and they have the highest 


voltage in the Aosta Valiey power system 


260 kV. These 
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Butterfly 
Valves 




















Designed for 80 p.s.i. water pressure and 
emergency closing against flow of 1,680 
C.F.S. under 123 ft. head, the illustration 
shows a shop photo of one of three 12’-0" 
Turbine Shut-off Butterfly Valves built for 


a progressive mining Company in Quebec. 


The valve body and disc are entirely fab- 








ricated from Steel Plate with the seal seat 


and disc seal of Stainless Steel. The seal CANADIAN 


of the disc is adjustable. 


Another example of the fine engineering @) ir CKE: R Ss 





LIMITED 
Industry expects from the shops of Cana- MONTREAL ° TORONTO 
dian Vickers. MEMBER OF THE VICKERS GROUP 
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AGE PUMPS. 
* TWO 43,000 h.p. FRANCIS TURBINES 
* ONE 31,000 h.p. FRANCIS TURBINE 





VIA STENDHAL 34 MILANO FTALY 





105,000 kVA Water-Wheel Generators 
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A LOT OF LIFE’S 
COMFORTS START AT 


- MITSUBISHI ELECTRIC 


When you think of giant generators, you rarely think of their vital 
part in making this world a more comfortable place to live in. 
Yet Mitsubishi Electric’s great generators and transformers, plus 
many large and small home appliances all do just that....... 
every day in countless ways. Backed by a long history of outstand- 
ing achievements, distinguished by the famous Mitsubishi Brand. 
Do think about it the next time you see the THREE DIAMONDS 
on an electric appliance. 


MITSUBISHI ELECTRIC MANUFACTURING COMPANY 


Head Office: Tokyo Building, Marunouchi, Tokyo Cable Address: MELCO TOKYO 
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Sulzer Brothers Limited 
Winterthur 
Switzerland 


Sulzer Bros. (London) Ltd. 


31, Bedford Square, 
London W.C.1 


SHUJILZALSIRS 





Penstocks 
Storage Pumps 


for hydro-electric power stations 


Sulzer Brothers are 
supplying the following 
equipment for the 

C. E. G. B. power station 
at Ffestiniog, North Wales: 
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in collaboration with Messrs. 
Marshall & Anderson Ltd., 
Motherwell 

2 steel tunnel linings 

4 penstocks 

4 sets of branch and 
interconnecting pipes 


Fabrication of two branch pipes 

for Ffestiniog in the Sulzer 

shops at Winterthur. Inside diameter 
7 ft. 6 in., service pressure 

590 Ib. per sq. in. 


in collaboration with 
The English Electric Co. Ltd. 


4 high-lift storage pumps for 
the following working data: 
Discharge 745 cu. ft. per sec. 
Head 1,000 ft. 

Max. input up to 110,000 H. P. 
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Sulzer five-stage high-lift pump 

in an Austrian power storage station. 
Discharge 49,250 g. p. m., 

head 3,186 ft., input 55,500 H. P. 
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WATER 


POWER 


A technical journal devoted to the study of 
all aspects of hydro-electric development 





Sweden’s Water-Power Prospects 


HE economic balance between water power and 

thermal power in countries employing mixed sys- 

tems is becoming a delicate one in many cases, 
and the balance is further complicated by the addi- 
tion of nuclear power on the thermal side. In recent 
years the cost relationship between thermal and 
hydro power has often been radically altered by ten- 
dencies for fuel prices to drop and for money to 
become dearer. In our April issue the Leading 
Editorial was devoted to the possible future develop- 
ments in Finland; now a Swedish study of similar 
problems has been published,* which makes possible 
some interesting comparisons. This study has been 
carried out by an economic-investigation committee, 
which, at the instigation of the Swedish Government, 
was set up by the State Power Board to examine in 
detail the possible future balance of hydro and ther- 
ma! power, with particular reference to the possible 
construction programme in 1966-70. 

In one main respect the Swedish committee has 
been more conservative than was the International 
Atomic Energy Agency when deliberating on the 
prospects for utilising nuclear power in Finland. The 
committee considered that the introduction of nuclear 
power into Sweden’s electricity-generating system 
would not be economically justifiable until the latter 
half of the 1970s. In its opinion the present trends in 
favour of conventional thermal stations are so strong 
that detailed consideration has not been given to the 
possibility of either conventional-thermal or hydro 
stations being ousted, economically speaking, by 
nuclear power before the late 1970s. Thus, as far as 
the Swedish state-owned system is concerned, the 
problem for at least the next decade and a half is 
simply to determine the economic balance between 
the conventional-thermal and the hydro plants. 

Two fundamental factors that are of great im- 
portance when considering the economics of mixed 
systems are fuel costs and the interest rates on capi- 





* “Optimum Balance between Water Power and Thermal Power in the 


State Power System in Sweden,’’ 29E of Blue-White series, Swedish 
State Power Board, Stockholm. 
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tal. Both are discussed with great care in the com- 
mittee’s report. It points out that fuel prices are at 
present very competitive on the Swedish market, par- 
ticularly in the case of oil (most of Sweden’s con- 
denser power stations can be fired by either coal or 
oil), and are of the order of Kr. 6:5—7-0/Gcal. How- 
ever, this situation is regarded as being relatively 
temporary, and the committee decided on a price of 
Kr. 9/Gcal as being more realistic for the period 
under consideration. 

Similarly, the committee did not feel that the pre- 
sent rate of interest—about 54°—for long-term 
Government loans could be maintained for very much 
longer, and this view seems to have been based on a 
general growth in the amount of capital available 
for investment, which seems to be such a feature of 
the “affluent society.” Although the committee 
records that it felt some doubts in proposing an in- 
terest rate which is about 75% higher than that rul- 
ing in the early 1950s, it nevertheless found sufficient 
reasons to recommend a rate of 7% for the future. 

The appreciable improvements in thermal-power 
efficiencies and capital costs have been taken into 
account; a mean annual thermal efficiency of 36% 
and a capital cost of Kr. 550/kW are considered as 
the probable values for the purpose of the study. 
Rather surprisingly, it is considered that the capital 
costs for hydro developments are likely to be kept 
within narrow limits, as much store is set by 
the savings resulting from improved construction 
techniques. It is noted that the State Power Board 
still has a large number of schemes in the planning 
stage for which the capital costs may only amount 
to about twice those for modern steam stations. 

The economic balance between thermal and water 
power has been assessed by means of the “water- 
power development factor,” which is defined as the 
relation between the water-power production in an 
average year and the primary consumption of electric 
energy. Earlier estimates based on much higher fuel 
costs and low interest rates gave an optimum de- 
velopment factor considerably above 110% for the 
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State Power Board’s system. Using the committee’s 
assumptions, the optimum development factor will 
fall to about 110% during most of this decade, but 
only after the completion of the more expensive hydro 
schemes in the late 1960s and the 1970s, is it esti- 
mated that the optimum deve!opment factor will fall 
to 100% or lower. 

The report brings out the importance of this yard- 
stick, and shows that small deviations from the opti- 
mum development factor produce a larger effect on 
capital costs than on production costs. Thus, a change 
in the development factor of 10% from the optimum 
point would only raise the total annual production 
costs of the system by about 1%, but it would entail 
an increased capital cost of about 15% for new plant. 
By the 1965 stage of development this would be 
equivalent to about Kr. 6-7 million per annum. 

Another interesting conclusion is that, although the 
demand for electrical energy will continue to grow 
in Sweden during the next few decades, there are indi- 
cations that there will be a retardation in the rate of 
growth in the 1970s, particularly as a result of the 
competition of cheap fuels with electricity for heating 
purposes. The committee’s maximum forecast is 
65% per annum, which is even less than the esti- 
mated rate of growth for Finland of 8%. This assump- 
tion, in combination with the falling optimum deve- 
lopment factor, would probably result in a continued 
high level of water-power development, but with a 
reduction in the rate of deve!opment. 

As a result of this very thorough study, the commit- 
tee was able to put forward a forecast of the State 
Power Board’s requirements up to 1975, based on a 
range of annual increase in demand in the period 
1965-80 of from 1,450 GWh to 2,000 GWh. This 
shows that a water-power production of from 32:2- 
38-0 TWh may be required, and that the thermal out- 
pul capacity may rise to as much as 2,500 MW from 
a 1965 figure of 450 MW. 

It has not been possible within the compass of this 
Editorial to cover all the many points of interest that 
are discussed in the Optimum Investigation Commit- 
tee’s report, which should provide a very sound basis 
for the Swedish State Power Board’s detailed plan- 
ning over the next two decades. From the hydro 
engineer’s point of view, the report offers further 
authoritative evidence to show that the time has not 
yet come for the wholesale displacement of water 
power by modern thermal plant, even in a country 
that has been energetically developing its hydro 
resources for some considerable time. 


World Bank Loan to Ceylon 


THE World Bank recently granted a loan of $15 
million to Ceylon for power supply and transmission 
works, which will include the 50-MW hydro-electric 
station at Norton Bridge on the Kehelgamu River 
and an addition to existing steam plant. A 95-mile 
long transmission line from Laksapana south to 
Galle will also be financed by the loan. Other trans- 
mission and distribution facilities will be undertaken 
along the coast north of Colombo. 

The projects will form part of the power system 
operated by the Department of Governmental Elec- 
trical Undertakings, which covers an area of about 
3,500 sq miles. The effective generating capacity of 
DGEU’s present system is 74-5 MW, and power de- 
mands on the system have been growing at an aver- 


292 


age annual rate of 11-5% during the past five years, 
and are expected to rise to 15% per annum in the 
future. When it is completed in 1964 the Norton 
Bridge scheme is expected to meet the anticipated 
demand, but in the meantime an additional set at the 
Grandpass thermal station is urgently required to 
avert a power shortage in the near future. 

The Norton Bridge scheme will complete the de- 
velopment of the Kehelgamu River, the waters of 
which are already utilised by the Laksapana scheme. 


Tanganyika’s New Scheme 


(CONSTRUCTION work has recently commenced 
on the Hale project on the Pangani River in Tan- 
ganyika. This scheme, which is expected to cost 
£4,750,000, was originally intended to start in 1956, 
but was postponed for financial reasons. Since then 
the scheme has been redesigned in order to give a 
higher degree of utilisation, and the capacity will now 
be 21 MW. Thus the total plant capacity of the 
Pangani River stations, including the existing one at 
Grand Pangani Falls, will be 38-5 MW, and it is 
stated that there is further potential available for 
development on the river. 

It is expect that Dar es Salaam will be supplied 
entirely by hydro-electricity when the new scheme is 
completed in 1964. The finance for the project is be- 
ing loaned by the Colonial Development Corporation 
and the Government of Tanganyika. 


English-Channel Power Cable Laid 


THE 160 MW underwater cable link between 
England and France has now been laid across the 
Straits of Dover. Manufacture and instailation of this 
link have been shared equally by the two countries 
under the aegis of Electricité de France and the Cen- 
tral Electricity Generating Board. Transmission is by 
high-voltage direct current, and the installation con- 
sists of two single-core cables laid side by side, operat- 
ing respectively at +100 kV and - 100 kV to earth, 
giving a voltage of 200 kV between terminals. To 
prevent interference to ships’ compasses it was essen- 
tial to lay the cables about one metre apart, and each 
country laid its own pair of cables to mid Channel, 
where the respective pairs were subsequently joined 
together. 

The two cables for the British section were manu- 
factured respectively by British Insulated Callender’s 
Cables Limited and Associated Electrical Industries 
Limited, and are of the impregnated-paper-insulated 
solid type. The conductor has a cross section of 
0-525 in’ and consists of stranded copper wire lapped 
with an electrostatic screen. It is sheathed with lead 
alloy protected against corrosion by vulcanised- 
rubber tapes, and is armoured with a single layer of 
0:232-in galvanised-steel wires with appropriate bed- 
dings and servings. Anti-twist tapes are applied over 
the lead sheath and under the anti-corrosion protec- 
tion to prevent damage to the cable under excessive 
tension during recovery. 

The CEGB 2,700-ton motor collier Dame Caroline 
Haslett was specially equipped to lay the cables from 
Dungeness to the middle of the Channel, and, as re- 
corded earlier in this journal, laying trials were carried 
out in 1958. 

The link is expected to come into commercial 
operation in December, after the land installations, 
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including the converter stations and transmission 
lines, have been completed and the necessary trials 
carried out. 

The total cost of the link will be about £44 million, 
and it is estimated that each country will save about 
£170,000 per annum from the facilities it will afford 
in load sharing. 


Civil Engineering Research Council 
Formed 


THE Civil Engineering Research Council was re- 
cently set up by the Institution of Civil Engineers, the 
Federation of Civil Engineering Contractors, and the 
Association of Consulting Engineers, with the aim of 
co-ordinating civil-engineering research work in Great 
Britain. At present, research in this fie:d is carried out 
by a number of organisations such as the various con- 
tractors’ research laboratories, the universities, and 
the Department of Scientific and Industrial Research, 
and the new Council hope to co-ordinate the various 
efforts of these bodies for the greatest good of the 
profession as a whole. New research projects will be 
initiated, and the Council will endeavour to raise 
funds by contributions from the industry. The DSIR 
will also give financial support and will be represented 
on the Council. Another important function of the 
Council will be to ensure that the results of research 
work are made available to the profession through 
appropriate publications. 


Roseires Contract Awarded 


Ir has been announced by the Ministry o/ Irrigation 
and Hydro-Electric Power of the Republic of the 
Sudan that the contract for the construction of the 
Roseires dam on the Blue Nile has been awarded to 
Impresit-Girola-Lodigiani of Milan, Italy. The main 
purpose of this dam will be to augment the country’s 
irrigation resources, although provision will be made 
for the eventual installation of a power station. 

The dam is to be constructed across the Blue Nile 
at the Damazin rapids about 500 km south of Khar- 
toum, and about 200 km upstream of the existing 
Sennar dam. It will consist of a central concrete but- 
tress section, about 1,100 m long, with earth embank- 
ments on either side. The total length of the structure 
will be some 16 km, and the maximum height above 
foundation level in the main river channel will be 
about 60 m. A deep-sluice section will be incorporated 
in the concrete dam at the site of the main channel, 
and the sluices will be provided with five tainter gates, 
each approximately 6 m wide by 10 m high. ‘There 
will also be a surface-spillway section containing seven 
tainter gates, each about 12 m in height and 10 m 
wide. The sluices and spillway have been designed 
to discharge a total peak flow of 17,350 m*/sec. A 
service power station, with two 1,000-kW sets, and 
headworks for a future irrigation canal have been in- 
corporated in the design. 

Provision for a future power development is to be 
made by the formation of an intake section containing 
seven intakes. The intakes and transitions to the 
future 6-5-m diameter penstocks will be construcied, 
and then sealed off by temporary bulkheads. The 
power station, which will be sited at the toe of the 
dam, is to be designed for seven 25-MW generating 
units, of which one will be a standby. It is not known 
at present when the station will be installed. 
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The first-stage function of the dam will be to pro- 
vide additional storage for the Sennar dam, which 
commands the existing major irrigation areas; at a 
later stage, the Roseires dam will supply the proposed 
Kenana irrigation scheme, which will comprise an 
area of some 1,200,000 acres. The initial storage level 
of the Roseires reservoir will be 480 m above sea 
level, at which elevation a volume of 3,000 million m* 
will be retained. Later the dam will be raised by 10 m 
to give a storage of 7,600 million m*. 

Preliminary contracts for the construction of a road 
and rail bridge, an airfield, housing, and roads are 
already under way, and it is hoped to commence the 
main contract towards the end of this year. The World 
Bank and the International Development Association 
have made a combined loan of $32-5 million towards 
the cost of the scheme, and a loan from the Federal 
German Government is also expected. The consulting 
engineers to the Ministry of Irrigation and Hydro- 
Electric Power of the Republic of the Sudan are Sir 
Alexander Gibb & Partners, London, and A. Coyne 
et J. Bellier, Paris. 


Japanese Project Completed 


THE Okutadami project on the Tadami river in the 
Fukushima Prefecture of Japan is to be commissioned 
this month. This scheme forms part of the integrated 
hydro-electric development programme for the 
Agano river basin. The Okutadami dam, which is 
stated to be the largest in Japan at present, is a con- 
crete gravity structure, 157 m high and 475 m long, 
and it will provide a storage of 458 million m*. The 
plant capacity is 360 MW and the average annual 
output will be 534 GWh. Construction work com- 
menced in 1955, and the estimated cost of the project 
is about $110 million. 

About 15 km downstream of Okutadami is the 
Tagokura station, which has a storage of 370 million 
m* and will eventually have an installed capacity of 
380 MW. These stations will be described in an 
article on Japanese developments to be published in 
an early issue. 


Comparative Costs of New Zealand 
Power Schemes 


THE New Zealand Minister of Electricity recently 
gave some figures that compared the estimates of cost 
for the present development programme, which in- 
cludes the Cook Strait cable link, with the alternative 
of developing new schemes in the North Island. 

The cost of the present programme was estimated 
to be as follows: Comp!etion of Benmore, £4 million; 
construction of new Aviemore station (near Ben- 
more), £15-4 million; construction of Kopuriki sta- 
tion, £7 million; Cook Strait cable link, £18.8 million, 
of which the cabie itself will cost less than £3 million; 
total £45-2 million. 

The alternative North Island development includes 
three schemes that have an output equivalent to the 
Waitaki River schemes and the proposed Kopuriki 
station, and their total cost is estimated to be £76 
million. In addition, £9 million would be required 
for extra transmission facilities. 

The difference in basic capital costs of the two 
schemes of some £40 million would lead to increased 
capital charges between now and 1969 of £5-4 mil- 
lion. At the same time, if there were no link, there 
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would be idle capacity at Benmore for many years, 
and a very conservative estimate puts the total stand- 
ing charges for the idle plant at £4 million. Further- 
more, possible savings of coal over the first few years 
of operation of Benmore could amount to £3 million. 
Thus, the only available North Island alternative to 
the present programme, based on the Cook Strait 
cable link, would cost an additional £40 million plus 
extra standing charges and running costs of £12-4 
million. 


Swedish Turbine Contracts 


THE Orebro Elektriska AB has placed an order 
with Karlstads Mekaniska Werkstad, of Sweden, for a 
68,000-h.p. Kaplan turbine to be installed in the 
Krokstr6mmen plant on the river Ljusnan in Sweden. 
The machine will operate at a maximum head of 
59-5 m, which is one of the highest utilised for a 
Kaplan. The Swedish State Power Board has a Francis 
turbine with a maximum output of 175,000 h.p. from 
the same firm. This machine will be installed in the 
Gallejaure power station on the Skellefte river, and 
the operating head will be 78 m. 


Conference on Fluid Machinery 


THE Working Committee for Fluid Machinery of 
the Hungarian Scientific Society for Mechanical Engi- 
neering is celebrating the tenth anniversary of its 
formation by organising a Conference on Fluid 
Machinery, to be held in Budapest on January 11-12, 


Hydraulics Research in 1960 


The 1960 Annual Report of the Hydraulics Re- 
search Board of the Department of Scientific and 
Industrial Research, with which is incorporated the 
Report of the Director of Hydraulics Research, 
makes most interesting reading and testifies to the 
wide variety of work being carried out at the Hy- 
draulics Research Station. 

The Board comment on the need for further basic 
research, and draw attention to the problems in- 
volved in the selection of suitable scales for certain 
model investigations. They suggest that a sig»ificant 
saving in floor space and costs might be achieved if 
a small reduction in the scales of some models cou'd 
be made, and have recommended that basic research 
into the optimum scales for models of various types 
should be carried out. Another recommendation was 
made for further research into flow measurement 
by means of weirs and flumes of various proportions. 

The work of the Hydraulics Research Station is 
described under the main headings of Hydrology, 
Hydraulic Structures, Uni-Directional Channel Flow. 
Estuaries, Waves and Sea Defences, and Instrumenta- 
tion and Mechanisation. Although many of the in- 
dividual model tests are not of obvious interest to 
hydro-electric engineers, a substantial proportion are 
of direct concern. In the field of basic hydrology, 
experimental work on the unit-hydrograph theory 
continues, together with studies of the frequency of 
flooding and the rainfall/stream-flow relationship for 
a small experimental catchment. 

Studies of individual projects included a continua- 
tion of the model work for the Ffestiniog pumped- 
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1962. The following subjects will be discussed: (1) 
Consumption of energy during the operation of pumps 
and fans; (2) Wear, corrosion, erosion and cavitation 
during the operation of turbines, pumps and fans; 
(3) Automatic operation of turbines and pumps; (4) 
Pressure fluctuations in turbines and pump penstocks. 
Further particulars may be obtained from Mr. Laszlé 
Prockl at the Society’s headquarters, Budapest V, 
Szabadsag Tér 17, and applications to attend should 
be sent in by September |. Lectures, to last not more 
than thirty minutes, are invited within the specified 
field. A single-page summary should be forwarded in 
the first instance, followed by the full text of the lec- 
ture before October 31. 


International Construction Equipment 
Exhibition 


THE International Construction Equipment Exhibi- 
tion was held on June 15-24 at Crystal Palace, Lon- 
don, and provided a good example of the value of 
open-air exhibiting of this type of equipment, which 
was Of a genuine international variety. Much of the 
plant was demonstrated effectively on the proving 
grounds and, although the predominating good 
weather was an asset in most respects, an occasional 
fall of rain might have provided a sterner test for the 
earthmoving equipment! 

The exhibition was sponsored by The Federation 
of Manufacturers of Construction Equipment, The 
National Federation of Building Trades Employers, 
and The Federation of Civil Engineering Contractors. 





storage scheme; this has involved an examination of 
designs for the dissipation of the energy of jets from 
turbine relief valves, and the testing of the effects of 
a blockage of the pump screens. Three models will 
be utilised for the study of the Kainji dam on the 
River Niger, which will form part of a multipurpose 
scheme embracing power, irrigation, flood control, 
and navigation; the models will be of a reach of the 
river channel, the spillway, and a power-station unit. 
A third study in this field is of an air-regulated spill- 
way syphon. 

Other experiments include the design of wave-pro- 
tection works for the Mangla dam. It is interesting te 
note that a variety of fabricated blocks were tested 
under storm conditions, but eventually it was con- 
cluded that riprap would provide the most effective 
solution. An account is also given of the Mauritius 
wave-power scheme (see WATER Power, July 1961, 
p. 254). 

The 80-page report concludes with a list of the 
research papers published during the year; these 
papers and the report may be obtained from Her 
Majesty’s Stationery Office, York House, Kingsway, 
London, W.C.2. 





GKN House. The Guest, Keen & Nettlefold Group 
of Companies has built a handsome office block at 
22 Kingsway, London, W.C.2, on the site of the old 
Stoll Theatre, in which it has been possible for the 
first time to accommodate all the London office staffs 
of the members of the Group. The new building com- 
prises a ground floor and seven upper floors, having 
a total area of 92,100 ft’, in addition to a basement 
and sub-basement affording garage accommodation, 
and a boiler basement. 
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Fig. 1. Aerial view showing the Robert Moses Niagara Power Plant in the foreground, the flooded power canal, 
and the Reservoir Pump-Generating Plant under construction in the background (January 1961) 


The American Niagara Development 


A brief account is given of the main features of the Robert 
Moses Niagara Power Plant and the Reservoir Pump- 
Generating Plant on the American side of the Niagara Falls 


HE State of New York Power Authority’s new 
power station on the Niagara—the Robert Moses 
Niagara Power Plant—was inaugurated last 
February, and it is expected that all its 13 generators 
will be on the line by next spring. The associated 
Reservoir Pump-Generating Plant (formerly called 
the Tuscarora Plant) will commence operation next 
year and will come into full commission in 1963. 
When completed, the combined installation will have 
a capacity of 2,190 MW; this, it is believed, will be 
the largest in the western world, the runner-up being 
Grand Coulee at 1,947 MW. Indeed, the American 
Niagara’s lead over Grand Coulee is due to the pre- 
sence of the pumped-storage plant, which has a 
generating capacity of 240 MW. 
The size of the main units in the Robert Moses 
station also calls for comment, for these machines, 
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rated at 150 MW, are amongst the most powerful in 
the western world. They are equalled, in fact, only 
by those at Chute des Passes, Bersimis, and Stornorr- 
fors. The transformers are on a similar scale, for each 
forms a unit with its generator and is rated at 180 
MVA. 

In our August 1960 issue we published an article* 
describing the civil-engineering constructional work 
in hand on this scheme, and our present purpose is 
to give an account of the development as a whole, 
to supplement the more specialised information given 
in the previous article. 

Modern developments on the Niagara must always 
be assessed in the context of the American-Canadian 
treaty of 1950, which is designed to preserve the 


* by Ian B Mackintosh, Waren 





* “The American Niagara Power Project,’ 
Power, August 1960, p. 295 
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Fig. 4. The river intakes, with the gate structures behind 


scenic beauty of the famous Niagara Falls while 
allowing the two countries to share in the fullest 
possible exploitation of the flow. In accordance with 
this treaty, a minimum flow of 100,000 cusecs must 
be maintained over the falls in daylight hours during 
the tourist season (April 1 to October 31); at other 
times the flow may be reduced to 50,000 cusecs. The 
average natural river flow is 202,500 cusecs and is 
remarkably even, the maximum flow being only 
about twice the minimum. Canada has already built 
the Sir Adam Beck No. 2 plant} under the 1950 
treaty, and the Robert Moses station is the American 
counterpart. 

The heavy demand for power on both sides of the 
river naturally calls for the maximum utilisation of 
the water available above the treaty limits, and the 
ideal solution has been found in pumped storage. 
The pumped-storage plant at Sir Adara Beck No, 2 
has already been described in this journalt, and on 
the American side the equivalent installation is the 


+ ‘The Sir Adam Beck Niagara G.S. No. 2,’’ ty Richard Hearn, 
WaTER Power, July 1956, p. 246 





¢ See also ‘“‘The Mixed-Flow Variable-Pitch Pump-Turbine,’’ by Paul 
Dériaz, WATER Power, February 1960, p. 49. 
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Fig. 5. Section through one of the water conduits 
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Reservoir Pump-Generating Plant, as it is called. 

The project is expected to cost $720,000,000, or 
$329 (£118) per installed kilowatt, and it should 
generate 13,000 GWh per annum. It will have a firm 
power of 1,800 MW even when considered in isola- 
tion, but a 250-mile interconnection with the 
Authority’s station on the St. Lawrence Seaway will 
increase the firm power of each project, because flow 
in the St. Lawrence is normally high in the summer 
when the treaty restrictions on the Upper Niagara 
are most onerous. 
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Fig. 6. Map of the American Niagara development 
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The Power Authority 
financed the $720,000,000 cost 
of the project by the sale of 
bonds to private investors, 
who will be repaid with in- 
terest from revenue received 
from the sale of power. No 
tax money or government 
credit was involved. 


Layout of the Development 

A map of the project area 
is given in Fig. 6. The drop 
at the Niagara Falls is 160 ft, 
but rapids above the falls 
offer a further 50 ft of head 
and the rapids below the falls 
115 ft. The intake has there- 
fore been arranged above the 
upper rapids and the tailrace 
below the lower rapids, so 
that the station utilises a gross 
head o/ 314 ft out of the 326- 
ft difference of level be- 
tween Lake Erie and Lake 
Ontario. 

The intake is located 24 
miles above the falls at the 
foot of Hyde Park Boulevard 
in the city of Niagara Falls. 
It consists of two reinforced- 
concrete structures (Fig. 4) 
each 700 ft long and supply- 
ing a separate covered con- 
duit. Each intake contains 48 
slotted openings, the tops of 
which range from 13 to 26 ft 
below the river surface. To 
draw adequate water from the 
intake the river bed has been 
dredged over an area of 
nearly half a square mile, and 
a rockfill dyke, 2,000 ft long 
has been built from the point 
of Buckhorn Island, opposite 
the intake, to direct the flow 
of the east channel of the river towards the intake. 

At the junction between each intake and its con- 
duit is a gate structure 55 ft wide by nearly 100 ft 
high, carrying a vertical-lift gate 49 ft wide by 68 ft 
high. Grooves are also provided for stoplogs, and 
an underground stoplog storage chamber is located 
between the gate structures. 

The twin water conduits are disposed at a centre 
distance of about 200 ft and are about 4} miles long. 
They were constructed by cut-and-cover, and as will 
be seen from the section, Fig. 5, their design is 
based on a three-hinged arch, which can accommo- 
date itself to any movement arising from rock 
squeeze. Each conduit is 46 ft wide and 66 ft high 
to the crown of the arch, and together they can carry 
83,000 cusecs at a velocity of 14 ft/sec. The concrete 
walls and floor have a minimum thickness of 2 ft 6 
in; the haunches supporting the arch are 7 ft thick, 
and the arch sections are 6 ft thick at the base and 
5 ft thick at the crown. The tops of the conduits 
average 40 ft below the ground surface. 

The discharge from these conduits enters an L- 
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Fig. 7. At work in one of the water conduits 


shaped pond comprising a transition section about 
1.800 ft long embracing the forebay of the Reservoir 
plant on the right, and a channel 500 ft wide, 110 ft 
deep and 3,000 ft long, leading to the forebay of the 
main generating plant. This pond not only provides 
a common supply for the two plants but also acts as 
a surge basin. 


Robert Moses Niagara Generating Plant 

A section through the Robert Moses Niagara 
generating station is given in Fig. 2, and aerial 
views are shown in Figs. 1 and 9. An intake struc- 
ture terminating the forebay just mentioned admits 
water to 13 penstocks, each of which supplies a 
generating set in a semi-outdoor power station at the 
foot of the cliff. The intake structure is of reinforced 
concrete and consists of 13 blocks, each containing 
trashracks, stoplog slots, and two 25 ft by 29 ft 7 in 
vertical-lift gates. All the movable equipment is 
handled by a 90-ton portal crane. 

The penstocks are of welded construction, Each 
has a straight length of 462 ft and a diameter of 24 ft. 
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Fig. 8. Inside one of the river intakes 


An elbow at the top reduces from a diameter of 28 
fi 6 in at the intake to 24 ft at the commencement 
of the straight portion, and a second elbow at the 
bottom further reduces the diameter to 21 ft where 
it meets the scrollcase extension. The penstocks are 
encased in concrete, and the upper and lower elbows 
are secured in concrete anchor blocks. 

Each generating set consists of a vertical Francis 
turbine, rated at 200,000 h.p. at a net head of 300 
ft and driving a 150-MW, 3-ph, 60-c.p.s. generator 
at 120 r.p.m. These units are disposed below the top 
deck of the power-house block and are protected by 
removable hatch covers. Erection and servicing are 
carried out with the aid of a 630-ton portal crane. 
Each turbine draft tube can be closed by three 
vertical-lift gates, each 15 ft 4 in wide by 20 ft high, 
handled by a 30-ton portal crane. 

Each generator is connected to its own trans- 
fermer,* the 13 transformers being arranged on a 
concrete deck built over the penstock lower anchor 





* See ‘‘The Robert Moses Niagara Transformers,’’ WATER POWER, March 
1961, p. 118 
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blocks. Each transformer is a 
three-phase unit rated at 180 
MVA, but as the station sup- 
plies the switchyard at two 
voltages, seven of the trans- 
formers step up from 13-2 kV 
to 230 kV and the remaining 
six to 115 kV. 


Reservoir Pump-Generating 

Plant 

To form the upper pool for 
the Reservoir Pump-Generat- 
ing Plant a reservoir of 60,000 
acre-ft capacity is being en- 
closed by means of a rockfill 
dyke with a compacted earth- 
fill core. This dyke averages 
55 ft high, 40 ft wide at crest, 
260 ft wide at base, and 
33,000 ft long. The surface of 
the pool is 80 ft above that 
of the main pond, referred to 
high-water level in both cases. 

As will be seen from the 
section, Fig. 3, the layout of 
the plan is generally similar 
to that of the main generating 
plant, allowing for the differ- 
ence in the respective heads. 
The installation will comprise 
12 reversible pump-turbine 
units running at 112-5 r.p.m. 
Each pump-turbine will be 
rated to discharge 3,400 
cusecs against a net head of 
85 ft when working as a 
pump, and to develop 28,000 
h.p. at 75 ft head as a turbine. 
Each electrical machine will 
be rated at 37,500 h.p. as a 
motor and 20 MW as a 
generator. The transformers, 
which will be three-phase 
units rated at 100 MVA, will 
be mounted on a deck above 
the penstocks. 

Switchyard and Tie Line 

As will be seen from the map, Fig. 6, the switch- 
yard occupies a 35-acre site south of the power pond 
and midway between the Robert Moses and the 
Reservoir plants. The yard is divided into three vol- 
tage sections: 115, 230 and 345 kV. Seven 115-kV cir- 
cuits and six 230-kV circuits are brought in from 
the Robert Moses plant, and four 230-kV circuits 
extend to the Reservoir plant. All these circuits are 
carried by oil-filled cables run in underground cable 
galleries. 

In the 115-kV section there are 33 oil circuit 
breakers, each of 10,000-MV rupturing capacity, and 
78 isolators; in the 230-kV section there are 26 oil 
circuit breakers of 20,000-MVA rupturing capacity, 
and 48 isolators; and in the 345-kV yard there are 
four 25,000-MVA oil circuit breakers and 15 isola- 
tors. 

The 115-kV and 230-xV sections are interlinked by 
means of two 200 MVA auto-transformers, and the 
230-kV and 345-kV sections by two 400-MVA auto- 
transformers with provision for a third unit. 
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Fig. 9. Aerial view looking across the river over the Robert Moses Niagara Power Plant to the Sir Adam 
Beck No. 2 Generating Station on the Canadian side 


The 345-kV section feeds the Niagara St. Lawrence 
tie line, which is double-circuit from Niagara to 
Rochester 70 miles away, and single-circuit to a point 
north of Utica, a further 130 miles. There the line 
ties in to an existing 230-kV facility at Niagara 
Mohawk, which connects to the Authority’s Adiron- 
dack substation 70 miles south of St. Lawrence, to 
which the connection is completed by an Authority- 
owned 230-kV line. 


Contractors 

The main civil-engineering contractors were enum- 
erated in the article in our August 1960 issue, and we 
give below the manufacturers of the mechanical and 
electrical equipment: 


ROBERT MOSES NIAGARA POWER PLANT 
Penstocks ($10,992,000) 
Chicago Bridge and. Iron Co. 


Turbines ($20,686,400) 
Baldwin-Lima-Hamilton Corp. 
Newport News Shipbuilding and Drydock Co. 


Generators ($20,119,910) 
Westinghouse Electric Corp. 


Transformers ($3,935,700) 
Ferranti Electric Inc. 


RESERVOIR PUMP-GENERATING PLANT 


Penstocks ($892,800) 
Chicago Bridge and Iron Co. 
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Pump-Turbines ($11,291,350) 
Allis Chalmers Mfg. Co. 
S. Morgan Smith 


Generator-Motors ($7,157,995) 
Allis Chalmers Mfg. Co. 


Transformers ($1,001,420) 
Brown Boveri Corp. 


SWITCHYARD 

Buildings and Electrical Work ($7,982,743) 
Emerson-Garden Electric Co. 
Day & Zimmerman. 
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Mobile Crane, The Rapier 1520 mobile crane is des- 
cribed in a very informative pamphlet by Ransomes 
& Rapier Limited, 32 Victoria Street, London, S.W.1. 
The 1520 can handle loads up to 15 tons, and its 
maximum jib length is 80 ft. The pamphlet gives 
complete details for the potential customer. 

New Truckmixer-Agitator. Blaw Knox Limited, 
Rochester, Kent, England, have sent us a pamphlet 
describing their new Varispeed truckmixer-agitator, 
which is supplied in two sizes with capacities of 4/44 
and 6/64 cu yard. One of the features of this model is 
its hydrostatic drive. 
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Floating-Type Sector Gates 


New developments in the design of floating-type sector 

gates permit stable and accurate control at all gate 

positions and under all conditions of relative headwater 
and tailwater levels 


By H. ROBOHM and K. PETRIKAT* 





N order to control floating-type sector gates there 

must be an adequate head from the headwater to 

the sector chamber and from the chamber to the 
tailwater. In time of flood, if the head between head- 
water and tailwater is almost balanced, the head be- 
tween the sector chamber and the _tailwater 
approaches zero, or it may even become negative, 
i.e. the sector floats upwards. This article describes 
an outlet design by means of which the required 
pressure head is brought about for all water levels 
and sector-gate positions. The vacuum created at the 
outlet of the control channel makes it possible to 
lower the sectors even with a very high tailwater. By 
installing stabilising cells in the top of the sector, any 
accumulation of air in the sector chamber is avoided. 
Thus the sector is controlled smoothly, and rising of 
the sector as a result of air pockets is eliminated. 


The Hemelingen Gate 

Stimulated by an American design, M.A.N. de- 
signed and built for the Bremen municipal authorities 
the first sector gate in Germany as long as SO years 
ago. It was the Weser weir at Hemelingen, which 
is still in service today in its original form, and under 


larly in northern Europe; although these gate instal- 
lations were in accordance with the same basic 
principle, and, as a result of the more favourable 
hydraulic conditions prevailing there, are still in 
perfect condition, attempts have since been made to 
overcome the difficulties encountered at Hemelingen 
by providing a fundamentally different control 
system. 

It was only when work had started on the large 
hydro-power schemes at Geesthacht on the Elbe, 
Landesbergen on the Weser and in the Moselle 


a. Headwater 
b. Tailwater 


c. Chamber 
pressure 


d. Gate position 
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Fig. 1. Cross section through Hemelingen sector gate 


normal operating conditions fulfils its tasks perfectly. 
When water levels are unusual, however, the sectors 
cannot be brought into their lowest position by 
means of standard control mechanisms, and special 
measures are necessary, which make operation more 
difficult; as a result the type of sector gate used at 
Hemelingen was not considered absolutely reliable 
in Germany. During the following decades a number 
of sector gates were built in other countries, particu- 





* Chief Engineers, Maschinenfabrik Augsburg-Niirnberg AG. (M.A.N.), 
Gustavsburg Works. 
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Fig. 2. Hemelingen calibration curves 


valley (for which sector gates had been planned from 
the outset for operational and aesthetic reasons) that 
the basic principle of the Hemelingen sector gate 
came into its own again in Germany, as the reasons 
for the difficulties encountered at Hemelingen were 
now discovered and eliminated by a series of im- 
provements. 

For a better understanding of the new sector-gate 
control, it seems appropriate to study the Hemelingen 
sector gate first (Fig. 1). The gate structure is hook- 
shaped in cross section and consists of a skinplate, 
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Fig. 3. Tubular gate control with restoring mechanism 
at Hemelingen 


forming a circular arc with the gate hinge located 
in the centre, and of a straight overflow plate, and 
is open at the bottom. Thus, together with the appro- 
priately designed foundation, it forms a chamber 
enclosed on all sides, which can be filled with water 
through channels from upstream and emptied into 
the tailwater. The discharge is controlled by a hand- 
operated tubular gate, the elevation of which deter- 
mines the pressure of the water in the chamber, The 
pressure exerted by the water in the chamber from 
below against the overflow plate produces an upward 
torsional moment which must be in equilibrium with 
the opposing torsional moment brought about by the 
dead weight, the pressure of the tailwater acting on 
the overflow plate and the load of the overtopping 
water when the gate is at rest, The water pressure 
acting on the curved skinplate from outside and in- 
side, however, does not produce any torsional mo- 
ment, since the resultant of the water pressure passes 
through the centre of rotation. 

Control of the sector gate would be very easy if 
the internal pressure required to maintain equilibrium 
dropped steeply as the sector gate descended. In this 
case the tubular gate would only have to be brought 
to and held in a definite elevation, corresponding to 
the desired sector-gate position, when the sector gate 
would settle at the level corresponding to the position 
of the tubular gate. The equilibrium would be stable. 
since, if the sector were deflected downwards, the 
upward torsional moment determined by the tubular- 
gate position would be greater than that required 
for the new position; the excess would therefore 
constitute a restoring moment, which would force 
the sector gate back again into the desired position. 

However, if we plot for each sector-gate position 
the corresponding chamber water level required for 
the equilibrium position, the diagram given in Fig. 
2 is obtained. As the sector-gate crest descends, the 
curve of the internal pressure also drops initially, 
but after having reached a minimum value it rises 
again as a result of the increasing load of tailwater 
and overtopping water. This characteristic curve 
cannot be achieved with the simple type of tubular 
gate control already described. In the first part of 
the curve the equilibrium is stable, but the flatter the 
gradient of the curve subsequently becomes, the 
smaller is the restoring moment, falling to zero at 
the lowest point. Here the equilibrium is indifferent: 
deflection of the sector gate would not produce any 
restoring moment and the sector gate would remain 
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in the position reached. In the subsequent part of 
the curve the equilibrium of the sector gate actually 
becomes unstable, since deflection here causes a 
negative restoring moment. In this region the internal 
pressure as set by the tubular gate is not sufficient to 
maintain the equilibrium when there is a downward 
deflection, and the sector gate will drop. 

Control of the sector gate by simple adjustment 
of the tubular gate is thus inadequate, since on the 
one hand there is no clear relation between internal 
pressure and sector-gate position, and on the other 
hand the equilibrium of the sector gate is not stable 
in all positions unless further auxiliary means are 
employed. 

In view of these conditions, Plate developed for the 
Hemelingen weir a tubular-gate control with a re- 
storing mechanism. As a result of the restoring action, 
the movement of the sector gate is transmitted to the 
tubular gate position in such a manner that the 
change in chamber pressure counteracts the gate 
movement (Fig. 3). A criterion for the stability of the 
sector gate in a certain position is the value of the 
restoring force which, in the case of a deflection 
caused by external effects, brings the gate back into 
RESTORING GEAR 
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Fig. 4. Rack and pinion mechanism for 
the Holmen gate 


its desired position, The greater the adjustment of 
the tubular gate caused by the restoring mechanism 
at a given deflection of the sector gate, the greater is 
the restoring force and the greater, therefore, is the 
stability of the sector gate. This was clearly recog- 
nised in the design of the Hemelingen sector gate, 
but for structural reasons it was necessary to choose 
a relatively low transmission ratio, so that the sector 
gate was relatively “yielding.” In the Hemelingen 
case the sector-gate movement is transmitted to the 
tubular gate by a block and tackle at a ratio of 1 : 2. 
With this control, if it is desired to lower the sector 
by a given distance from a given position, the tubular 
gate must first be lowered by a _ predetermined 
amount. This reduces the internal chamber pressure 
and starts the downward movement of the sector, The 
descending sector now transmits its movement 
through the restoring mechanism to the tubular gate 
in the opposite direction, and maintains the move- 
ment until by lifting of the tubular gate the internal 
pressure has risen again to such an extent that it 
stops the downward movement of the gate. 

The diagram in Fig. 2 shows that in the upper 
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Fig. 5. Holmen sector gate being assembled at the works 


sector positions the water level in the chamber is 
lower than the sector crest. In this region therefore 
a free water level with an air cushion on top builds 
up in the chamber. If the water level in the chamber 
is decreased in order to lower the sector, the latter 
does not at first follow the falling water level in the 
chamber, but only when the forces acting on the 
sector in a downward direction have overcome the 
static friction of the seal. Then the sector suddenly 
follows, and since sealing friction in motion is only 
half as great as the static friction, there occurs a 
force which affects the control, thus causing the sec- 
tor gate to jerk. 

This was also taken into account by Plate in the 
design of the Hemelingen weir. At his suggestion 
water-jet pumps were installed in the sector to draw 
the air from the upper space of the sector body, thus 

— _— > 
{> —_ TO RESTORING GEAR 
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Fig. 6. Geesthacht gate-control mechanism 
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raising the water level in the sector as far as the 
sector tip. In this way a positive transmission of the 
drive forces to the sector body is guaranteed. The 
sector should now follow the control pulses without 
time lag, and jerky movements would be eliminated. 

To ensure positive transmission of the operating 
forces these water-jet pumps must not get clogged 
and thus fail to remove the air completely from the 
tip of the sector. If a small quantity of air is left in 
the tip, the pressure variations of the water-jet pump 
affect the sector and cause slight hunting of the sector 
in accordance with the pressure-fluctuations; this can 
eventually induce wear of the seals. For such a 
hydraulic control to be in a state of permanent 
readiness, there must be an adequate head between 
the headwater and the controllable pressure level in 
the sector chamber and from there to the tailwater, 
in all operating positions and at all possible levels 
of the headwater and tailwater. At Hemelingen, how- 
ever, this condition is not fulfilled. As a result of 
the shape and low dead weight of the sector body. 
the curve of the internal chamber pressure is lower 
over its entire course, and from a certain lowered 
gate position onwards it is crossed by the relatively 
high tailwater (Fig. 2). Consequently, from this sector 
position downward, there is no longer any head be- 
tween the chamber and the tailwater, and the sector 
cannot be lowered any further by means of the 
tubular gate. 

This was clearly recognised in the case of the 
Hemelingen weir, and an attempt was made, by 
means of a suitable arrangement of the outlet of the 
tubular-gate well into the stilling basin, to bring 
about an ejector effect in order to counteract the 
backflow of the tailwater. Sometimes, however, flow 
conditions are such that as a result of the to-and-fro 
movement of the standing wave, pressure variations 
are caused, which are transmitted to the tubular-gate 
well and impede proper operation. In these circum- 
stances the sector must be controlled by careful 
manual operation of the inlet and outlet valves of 
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the tubular-gate well; as there is no restoring mechan- 
ism, however, this can only be achieved under con- 
stant supervision by an experienced man. 

Hence, for lowering the sector into the lowest posi- 
tion and, above all, in order to keep it there, a fur- 
ther measure was applied, which makes use of the 
suction zone behind the flooded sector crest. In the 
region of this suction zone, flaps are arranged in the 
overflow plate, which are opened when the gate is to 
be fully lowered, causing the water to be sucked away 
from the chamber and the pressure to drop below 
tailwater level. This manoeuvre is also complicated 
and requires the tubular gate to be raised above tail- 
water level, so that the tailwater will not flow back 
via the tubular gate into the chamber when the flaps 
are opened. A further disadvantage is that the draw- 
ing off of water by way of the flaps cannot be regu- 
lated, and the sector, therefore, drops into its lowest 
position. 

In conclusion, it may be said that although in the 
Hemelingen design all essential features were cor- 
rectly assessed, not ail the measures taken in this first 
design proved adequate. The | : 2 transmission of the 
restoring action is insufficient, since the sector is too 
resilient. The tide fluctuations of the tailwater have 
a considerable effect on the sector position. The de- 
sired effect of the built-in water-jet pumps is not 
completely achieved. There is still an elastic air 
cushion above the water inside the sector, which gives 
rise to jerky movements of the sector during control 
operations. The ejector effect at the appropriately 
designed tubular-gate outlets is not reliable. The suc- 
tion flaps of the overflow plate do not allow control 
of the sector in the lowest positions. The experience of 
Hemelingen has been of great value, however, in de- 
veloping the design and construction of the sector 





Fig. 7. Conical side plates of Geesthacht gate 
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gates built by M.A.N. in the succeeding years in 
the northern countries, all of which operate basically 
on the same principle (Figs. 4 and 5), and the sector 
gates recently built in Germany are based on the 
same principle. 

The following fundamental conclusions are based 
on the experience gained at Hemelingen: 

(1) The restoring action of the control mechanism 
must be achieved mechanically and positively by the 
sector movement. Any restoring gear that requires an 
outside source of energy for its operation, e.g., electric 
current, hydraulic oil, compressed air, involves a risk 
of failure, which could have the most far-reaching 
consequences. 

(2) The restoring action must be achieved at an 
adequately high transmission ratio, so that the sector 
position is influenced as little as possible by a change in 
the external loads. 

(3) A free water level with an air space inside the 
sector is unacceptable, since it disturbs accurate control 
of the sector; an enclosed air space in the sector tip, 
without connection to the atmosphere, can be very 
dangerous, since it produces buoyancy and prevents the 
sector from reaching its lowest position. 

(4) In all operating positions and in all the water-level 
conditions occurring in service, there must be an 
adequate pressure head from the headwater to the 
chamber and trom there to the tailwater, so that the 
sector can be moved at any time without outside energy. 

(5) The sector must be so heavy that, in the event of 
failure of the suction devices intended to reduce the 
internal pressure in the chamber below the tailwater 
pressure, it does not float upwards. 


Restoring Mechanism 

In the right-hand sector gate at Hemelingen it 
proved to be particularly necessary to provide a 
higher transmission ratio for the restoring mechanism, 
since this sector had to be fitted with an automatic 
float-operated water-level control equipment. An at- 
tempt was first made to achieve this higher ratio 
mechanically. The rotation of the sector was to be 
transmitted from the gate-hinge extension in the pier 
to a gear, which in turn was to transmit the sector 
movement, measured at the crest, to the tubular gate 
at a ratio of 1:4. It was found, however, that with 
this system the elastic deformations of the transmis- 
sion elements were too great and would have dis- 
turbed the control. The mechanical restoring device 
bv means of a block and tackle at a ratio of 1 : 2 was 
therefore retained in this sector also, but an electric- 
ally operated restoring mechanism was added te this 
sector, increasing the transmission ratio to a total of 
Be 

In the sector gates built by M.A.N. in Norway an- 
other method was used, which made possible a higher 
transmission ratio by purely mechanical means with- 
out inadmissible elastic deformations. In these cases 
(Fig. 4) the sector movement is transmitted by a rack, 
fixed to the end of the sector on the inside of the skin- 
plate, through a pinion to a shaft, extending through 
the pier wall into the control room. Owing to the 
large radius of the rack and the small pitch-circle 
diameter of the pinion a higher transmission ratio is 
obtained. Inside the pier a cable drum is fixed to the 
pinion shaft, from which a cable transmits the rota- 
tion to the tubular-gate hoist. The control pulses 
given manually or electrically are introduced through 
a differential gear. 

The transmission of the sector movement by rack 
and pinion was retained also at Landesbergen and at 
Detzem on the Moselle. In the case of Geesthacht this 
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Fig. 8. One of the two Landesbergen sector gates, which are 40 m long and 4-3 m high 


method was unfortunately rendered impracticable by 
the conical end-plates of the sector body, which were 
used here at the express wish of the owner, and a 
pulley system was used (Fig. 6). 


Use of Stabilising Cells 

At Geesthacht a new system was used to prevent 
the development of an air space above the water in 
the chamber, with all its attendant disadvantages. 
In the sector ridge a partition is fitted over the whole 
length of the sector (Fig. 6), which with the skinplate 
above and the rear wall forms an enclosed hollow 
body divided into a number of compartments by the 
cross-frames required to make the sector rigid. The 
elevation of the partition is such that in all operating 
positions it is lower than the level of the water in the 
sector chamber below. A free water surface, there- 
fore, cannot develop. Air segregated from the water 
in the chamber is disposed of through vent pipes 
extending above the crest of the sector. The parti- 
tion thus ensures positive transmission of the control 
pulses and effects stabilisation of all control opera- 
tions. The continuous tier of compartments at the 
same time gives the gate structure the torsional 
strength required, so that longitudinal bracing. which 
would otherwise be necessary, can be dispensed with, 
and the additional expense for the partition partially 
compensated by the savings achieved in omitting 
longitudinal bracing, water-jet pumps and other 
mechanical equipment for air evacuation. 

The compartments connect with the headwater and 
are therefore always full of water. They also make it 
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possible to vary the internal pressure in the chamber 
(curve shown in Fig. 2) so as to suit prevailing condi- 
tions, in order to fulfil the requirement that there 
must always be a pressure head between the head- 
water and the chamber and between the chamber 
and the tailwater. If some of the compartments are 
kept empty by sealing them off so as to be water- 
tight, the pressure curve moves down; if they are filled 
with ballast, it moves up. At Geesthacht approxi- 
mately 8 m* of concrete were put in the 50-m long 
sector, so that. even with the highest tailwater caused 
by the tide, the lowering of the sectors is ensured 
without supplementary suction devices. Such ballast- 
ing of the sector, however, was criticised on the 
ground that there was no point in having the gates 
carry this ballast all the time, as it is only required 
in rare cases. This opinion is not fully justified, since 
the ballast is after all only a counterweight balancing 
an excessive buoyancy and may be compared with 
concrete counterweights as commonly used in verti- 
cal-lift gates. The objection that raising of the sector 
from the lowest position is made difficult by the bal- 
last lacks conviction, too. If, in fact, prevailing hy- 
draulic conditions were so unfavourable that. in view 
of the large amount of ballast required in order to 
avoid undesired floating of the sector, the difference 
in water level would not be adequate to raise it again, 
it would be better for the sake of safety to raise the 
sector with the aid of pumps until the required head 
was developed. rather than to run the risk of the sec- 
tor floating upwards at the very moment of maximum 
discharge. Every sector-gate installation must in any 
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case be provided with pumps, so that the sector 
chambers can be emptied for maintenance work. It 
therefore involves no additional investment if the 
same pumping equipment is used to raise the sector 
from the lowest position. 

At Landesbergen also (Fig. 8) an intermediate deck 
has been provided, and the compartments above the 
intermediate deck are filled with water. In this case 
supplementary concrete ballast was omitted, since in 
the meantime a special form of mouth for the outlet 
pipe had been developed at the M.A.N. Test Station 
for Hydro-Engineering, ensuring a suction effect 
where there is an adequate discharge over the sector 
(Figs. 9 and 10); this effect is permanent without 
additional control operations, e.g., the opening of suc- 
tion flaps, being necessary. The decrease in pressure 
on the overflow plate of the lowered sector, which 
without the suction effect at the outlet could cause 
the sector to float, is brought about by the same flow 
that produces the suction effect; it is therefore en- 
sured that both effects can only occur simultaneously, 
and unintended floating of the sector is therefore im- 
possible. In addition, for the two Landesbergen sec- 
tors, there is also provided a special suction pipe, the 
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a, Upstream water level; b, downstream water level; c, velocity head 
d, chamber pressure; ¢, pressure drop at top of sector gate; /, position 
of top of sector gate; g, pressure drop achieved by attaching a hemi- 
spherical suction nozzle to the side of the pier (see Fig. 10) 


Fig. 9. Control diagram for Landesbergen gate 
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installation of which was recommended by the ten- 
derers after model tests had been carried out at the 
Bundesanstalt fiir Wasserbau in Karlsruhe. This suc- 
tion pipe connects the suction zone behind the crest 
of the sector with the outlet channel below the regu- 
lating valve. It can only operate when the sector has 
been lowered sufficiently, and for this purpose the 
normal discharge is stopped by a slide valve. The 
suction pipe thus necessitated a bypass and conse- 
quently additional control equipment was required. 


Shut-Off Valve Chamber Control System 

With regard to the control of the internal pressure 
in the chamber, a new method had to be used at Lan- 
desbergen. With the tubular gate control, as applied 
at Geesthacht and Hemelingen, only the discharge 
is controlled, while the inlet valve is permanently 
open. If the sector is in the highest position, the tubu- 
lar gate can be raised above the headwater level, so 
that the pressure in the sector chamber corresponds 
to the headwater. In this condition the water will not 
overtop the tubular gate and therefore will not flow 
through the inflow valve to the chamber. In any other 
position, however, there is a constant flow through 





Fig. 10. Suction nozzles on Landesbergen gate 

the sector. since the top edge of the tubular gate is 
below the headwater level. Because of the very fine 
sand in the Weser, it was feared that if such regulating 
elements with water constantly flowing through them 
were used the sector chamber would silt up very 
1961 
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Fig. 11. Control and restoring mechanism of Landesbergen 


sector gate 


rapidly, and the tubular-gate control was therefore 
considered unsuitable. Instead, accurately operating 
control valves (Fig. 11) have been placed in both the 
inlet and outlet channels. To raise the sector the inlet 
valve is opered, while the outlet valve remains closed, 
whereas for lowering, the outlet valve is opened and 
the inlet valve remains closed. The sector position is 
therefore determined by the volume of water con- 
tained in the chamber, the pressure level in the cham- 
ber being determined by the dead weight of the gate 
and by the water load on the overflow plate. The pres- 
sure is thus greatly variable according to the height of 
the overflow and the tailwater level. To ensure that 
such changes in pressure do not affect the sector posi- 
tion, it is particularly important in this case that no 
air is contained in the chamber under the sector, 
which owing to its compressibility would react to a 
change in the external load by a change in volume. 

In addition, also, this type of control requires a 
restoring mechanism in order to avoid dropping of 
the sector when any seal on the tailwater side is dam- 
aged. With the leakage loss caused by the damage to 
the seal, the resultant lowering of the sector will cause 
the inlet valve to open, until the inflow compensates 
the leakage. The transmission ratio of the restoring 
mechanism must be such that normal leakage cannot 
lead to any noticeable change in the sector position. 
It is of special importance to ensure that the sector 
movement is transmitted positively by the restoring 
mechanism to the valves, and thus is effective in all 
circumstances. The operation of the valves to main- 
tain the desired position should not depend on any 
outside energy, failure of which would mean that the 
sector would get out of control. With the double valve 
control in each operating position the sector is ex- 
tremely stable. Thanks to the incompressibility of the 
water enclosed in the chamber, it does not react to 
pulsating forces, such as are inevitable when the sec- 
tor is flooded. Even the external loads that commonly 
occur in practice, e.g.. ice load, cannot force the sec- 
tor out of its proper position. 

With this type of valve control (Fig. 11), as in sec- 
tors with tubular gates, the sector movement is trans- 
mitted by a rack fixed to the inside of the skinplate 
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Fig. 12. Control and restoring mechanism 
of Detzem sector gate 


at the sector end, to a pinion which is mounted on a 
shaft extending through the pier masonry into the 
control chamber. The restoring pulses transmitted by 
this shaft act through a differential gear on a link- 
age, which operates the valves in the direction 
required. The same differential gear also transmits the 
operating pulses to the valves when it is desired to 
alter the level of the gate. Since the transmission 





Fig. 13. Landesbergen storage unit 


307 








Fig. 14. One of the three Detzem gates, 


ratio of the restoring gear is very high, and therefore 
a small gate movement is sufficient to open the respec- 
tive valve up to the stop, a free-travel device must be 
incorporated in this control system so that excessive 
sector travel, as can occur in the case of mechanical 
damage to the seals or a considerable drop in the 
headwater level, does not damage the valves or the 
mechanical transmission elements. For gate operation, 
too, such a device is important. To avoid damage, 
it would be possible of course to fit friction couplings, 
but in the case of this important control element, on 
the operation of which the sector position depends, 
a friction drive must definitely be avoided. The 
problem of the adjusting mechanism was solved in 
the Landesbergen control system by means of a stor- 
age unit. A control cycle thus takes place as follows: 

To lower the sector the control motor is switched 
on for lowering. It operates the linkage of the outlet 
valve through the differential gear until this valve is 
fully open. Then the further rotary movement of the 
control motor is transmitted to the storage unit, and 
at the same time the sector movement preset by the 
control pulses is indicated on a “desired-position” in- 
dicator. When this indicator has reached the required 
new position of the sector, the control motor can be 
switched off. In the meantime the sector has started 
to move after the outlet valve has opened, and con- 
tinues to descend until it has covered the distance set 
by the storage unit, whereupon the restoring mechan- 
ism acts on the valve linkage and closes the outlet 
valve precisely at the moment when the sector has 
reached the desired position. The whole process takes 
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which are 40 m long and 6:7 m high 


place positively without friction. The storage unit and 
the differential gear are housed in an enclosed gear- 
box and run in oil, as seen in Fig. 13. 

This valve control with storage unit was also 
adopted for the sector gates of the Moselle barrage 
at Detzem and will also be used for future weir instal- 
lations on the Moselle (Fig. 14). Here, however, the 
two separate inlet and outlet valves will be combined 
in a three-way rotary slide valve at the special request 
of the owner (Fig. 12). 

These improvements, which led to the creation of 
the fully controlled M.A.N. gate with stabilising cells, 
showed that it is possible to maintain the water level 
very accurately by means of a sector gate and to move 
the sector accurately to within a few millimetres. 


Savigliano, A colourful brochure entitled “Macchine 
Rotanti,” describing the full range of their activities 
in the heavy electrical industry, has been sent to us by 
Savigliano, of Turin. It includes all types of a.c. and 
d.c. generators and motors, convertor sets and elec- 
tromagnetic couplings. The text is in Italian and Eng- 
lish. 


Prefabricated Buildings. We have received a number 
of pamphlets from Middlesex Prefabricated Buildings 
Limited (formerly J. E. Lesser & Sons Limited), of 
Green Lane, Hounslow, Middlesex, England. These 
describe the firm’s range of sectional timber build- 
ings, which are designed for a wide field of applica- 
tion, including the contracting and allied industries. 
1961 
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Chute-des-Passes Turbines 


The author describes in detail the 200,000-h.p. turbines, 

and their ancillary equipment, installed at the Chute-des- 

Passes development in Northern Quebec. These turbines 

were among the most powerful in the world at the time 
of commissioning 


By R. S. MACKAY*, B.A.Sc., D.L.G., Jr-E.LC. 


LL five of the 200,000-h.p. Francis turbines for 
Ate Chute-des-Passes installation, which is owned 

by the Aluminium Company of Canada, are 
now in commercial operation. One of these machines, 
which were designed by the English Electric Co. 
Ltd., has already developed an output of 246,000 h.p. 
at part gate under full reservoir conditions, and is thus 
believed to have exceeded by some 20% the maxi- 
mum power ever previously generated by a hydraulic 
turbine outside Russia. 

The trend in recent years in the design of hydro- 
electric stations has been towards the use of large- 
capacity units. The output of 170,000 h.p. developed 
by the turbines at Grand Coulee in the USA, which 
was for many years recognised as a record, was ex- 
ceeded in 1956 when the Bersimis Lac-Casse turbines 
achieved an output in excess of 200,000 h.p. A simi- 
lar output was obtained from a unit at Stornorrfors 
power station in Sweden in May 1959, and also later 
in the same year from the turbines at the Bersimis II 
development in Quebec. 

Although the basic design of the Chute-des-Passes 
turbines is not generally revolutionary, the fact that 
such a high turbine output has been achieved is itself 
proof that new ground is being broken, and even 
larger units may now be considered. The successful 
extrapolation by the designers of the hydraulic and 
mechanical details has been accompanied by similar 
advances in the various manufacturing processes. The 
wide use of welded construction has suggested better 
configurations to the designer, and these have led to 





are well within the available furnace capacily. 

In keeping with the modern design of large-capacity 
units is the development of the electrohydraulic 
governors supplied to control these giant turbines. At 
Chute des Passes the governor equipment will permit 
the five units to be operated as a single machine hav- 
ing a capacity of 1,000,000 h.p. Such a method of con- 
trol is certain to become of even greater importance 
for system frequency regulation as more and more 
of the already extensive power systems are intercon- 
nected into super grids. 


Description of the Project 

The Chute-des-Passes development, the civil-engi- 
neering works for which were fully described in the 
May 1959 issue of WATER PoweRr, is located on the 
Peribonka River about 100 miles norih of Isle Maligne 
in Quebec. It can contribute 1,000,000 h.p. to the 
existing Saguenay system of 2,580,000 h.p., which 
comprises five major hydro-electric plants on the 
Peribonka and Saguenay Rivers. 

An existing dam at Passe Dangereuse, which regu- 
lates the flow to the stations on the Peribonka River, 
impounds the water from a drainage area of 4,787 
sq miles, and creates, with the aid of the steep fall 
of the river downstream, a maximum static head of 
640 ft at the Chute-des-Passes station. The controlled 
flow from an additional catchment area of 1,920 sq 
miles will be available when the control works and 
improvements are completed at Lake Manouan. 

A profile of the Chute-des-Passes development is 
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reduced stresses and to reduced material content. 
Much design consideration has also been given to the 
fabrication of turbine runners because of the greater 
accuracy of control in water-passage form that is 
possible, as well as the better degree of surface finish. 
Notwithstanding the advantages of fabricated com- 
ponents there are still specific uses for castings, and 
the steel foundries, which recognise the trend towards 
larger units, have expanded and improved their facili- 
ties to the point where high-quality runner castings 
of 30-tons weight, such as those at Chute des Passes, 








* Hydraulic Engineer, English Electric (Canada). 
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1. Profile of Chute-des-Passes development 


given in Fig. 1. The intake conirol structure is located 
on the shore of the lake formed by the Passe Dan- 
gereuse dam. One of the more spectacular events of 
the construction work was the initial watering of the 
intake tunnel, which involved the blowing of a 50-ft 
high rock plug approximately 100 ft in diameter, after 
cutting a 120-ft deep sump to catch the rock from the 
b!own plug. 

The water is conducted through a 34-fi diameter 
horseshoe-shaped tunnel nearly 31,000 ft long. Ap- 
proximately 2,000 ft upstream from the turbine centre- 
line, a surge tank, 130 ft in diameter and 250 ft deep. 
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Fig. 2. Section through one of the Chute-des-Passes generating sets 


310 WATER POWER August 1961 











was excavated, together with a 
retention tank capable of holding 
2,000,000 ft® of water during a 
total station load rejection. The 
fully lined tunnel ends in a mani- 
fold from which individual pen- 
stocks branch off to the five 
turbines located in the under- 
ground power house. This power- 
house cavity is 473 ft long, 105 ft 
high and 65 ft wide, and is located 
450 ft below the surface. Parallel 
to the power-house cavity, and 
almost equal in volume, is the 
draft-tube manifold, 430 ft long, 
60 ft wide and 102 ft high, which 
functions as a surge tank for the 
48-ft diameter unlined tailrace 
tunnel. The tailrace tunnel oper- 
ates normally under pressure and 
extends 9,000 ft downstream from 
the power house, and actually 
passes under the Peribonka River 
before discharging. 

The individual penstocks are 
steel lined, and reduce in stages 
from 15 ft diameter down to 11 ft 
diameter at the point where they 
connect to the penstock valves, 
which are of the rotary type with 
servomotors operated from pen- 
stock pressure. 

The generating equipment con- 
sists of five turbines of the Francis 
type rated at 200,000 h.p. at 200 
r.p.m. under 540 ft head, and five 
umbrella-type generators, which 
are rated at 165,000 kVA at 60°F 
temperature rise, and 190,000 
kVA at 80°F temperature rise. An 
extremely compact unit arrangement has _ been 
achieved by using a single length of shaft extending 
from the turbine-runner coupling to the underside of 
the generator rotor. An impression of this may be 
had from Fig. 2, which shows a typical cross section 
through the unit. 


Turbine Development and Design 

The reservoir level may vary considerably, and, 
consequently, guarantees of turbine performance were 
required for a range of heads from 470 ft to 590 ft. 
Predictions of prototype performance under all con- 
ditions were obtained from an extensive series of 
turbine-model tests carried out in the English Electric 
hydraulics laboratory at Rugby. A 1:6 scale model 
turbine, complete with fabricated spiral casings, stay- 
rings, guide vanes, runner and draft tube, was fitted 
into a test berth similar to that shown in Fig. 3, and 
accurate measurements of head, discharge, model 
speed and power developed were recorded for various 
guide-vane openings. 

Model-test characteristic curves were plotted, and, 
from these curves, predictions of efficiency and power 
were made for various constant unit speeds corres- 
ponding to the specified operating heads. It was neces- 
sary to produce and test two different model runners 
before selecting the final design of water passages that 
would satisfy all requirements of performance guaran- 
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Fig. 3. View of model-turbine test berth with cavitation test stand in 


the background 


tees, in addition to a rather special condition imposed 
by the surge-tank design. 

In order to prevent the possibility of air being 
drawn into the tunnel through the surge tank, it was 
necessary, in effect, to limit the slope of the power 
versus efficiency curve in the region of full-gate opera- 
tion. The sudden acceptance of load by five machines 
operating on joint control would create a large de- 
mand for water, which initially must be supplied by 
the surge tank. If this demand exceeded a given rate 
then the level in the tank would be lowered to the 
point where air would be drawn in. 

When checking the initial design of the surge tank 
for this condition, turbine characteristic curves were 
used that were subsequently found to have insufficient 
margins for performances at part loads. The second 
model runner provided satisfactory proof that all 
performance guarantees would be met, but the rela- 
tionship of power to efficiency in the region of full 
load would have increased the possibility of drawing 
air in through the surge tank. Modifications were, 
therefore, made to the model runner and further 
testing carried out. The final design was based on the 
modified second model runner, the tests from which 
were satisfactory in all respects. This is thought to be 
the first instance in which the runner design has had 
to be modified to meet the requirements of the surge- 
tank characteristics. 
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A diagrammatic layout of the model-turbine test 
berth is shown in Fig. 4. Water supply for the test 
turbine was pumped from the laboratory sump inio 
a head tank fitted with a long weir and spillway to 
maintain a constant headwater level. Water passed 
from the head tank to the spiral casing, through the 
turbine, and out of the draft tube into a long canal. 
Screens fitted in the canal eliminated large-scale tur- 
bulence, and at the end of the canal a rectangular 
weir without side contractions was used to measure 
the discharge. 

To ensure the necessary degree of accuracy and 
precision in measuring the various test quantities dur- 
ing model tests, extensive instrumentation is utilised 
throughout the laboratory. Electronic and hydraulic 
devices developed especially for laboratory work are 
in common use, the accuracy of individual instruments 

eing within +0°1%. 

In the measurement of head, the headrace and tail- 
race levels were transmitted to the measuring point 
in the control cabin by transducers, which relayed an 
air pressure equal to the submergence of two air 
probes. The number of revolutions of the turbine 
shaft over the test period were integrated by a Deka- 
tron electronic counter, which was triggered every ;4 
of one revolution by a transistor photocell. The mea- 
surement of torque was made by an automatic Prony 
dynamometer, the automatic feature being an electro- 
pneumatic servo control which adjusted the torque 
of the dynamometer so that any load applied to the 
end of the dynamometer arm was always maintained 
in exact balance. 

To ensure that correct instrument calibration was 
maintained, frequent checks against known standards 
were made during the tests. Every precaution was 
taken during assembly to obiain correct alignment and 
eliminate undesirable friction. In the apparatus almost 
frictionless pulleys were used and the weight of the 
dynamometer was carried by three air-lubricated 
pads. 

In the background of Fig. 3 can be seen one of 
the cavitation berths in the laboratory. As part of the 
Chute-des-Passes model-testing programme a 12-in 
diameter model turbine was installed in this berth, 
and a complete series of tests was carried out to prove 
that the prototype turbines would operate without 
undue cavitation pitting within the specified limits of 
power and headwater and tailwater levels. The cavi- 
tation factor under which the model was operated 
could be controlled on the model independently of 
other running conditions by regulating the absolute 
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pressure in the closed hydraulic circuit. Thus, the 
complete range of field conditions could be simulated, 
and by using a Perspex draft-tube cone in combina- 
tion with a stroboscopic light source it was possible 
to observe any tendency towards cavitation in the 
runner and draft tube. As a result of these observa- 
tions it was possible to determine the location on the 
runner that was most prone to cavitation damage for 
certain load conditions, and to make provision accord- 
ingly for the application of limited stainless-steel pro- 
tection on the full-scale turbines. 

Model tests were not confined to the hydraulic 
design, and in their mechanical-testing laboratory at 
Whetstone, near Leicester, the designers were able to 
siudy a variety of stress and deflection problems; 
scaling and bearing problems were analysed with 
scale models and even full-size prototypes. 

The mechanical construction of the Chute-des- 
Passes turbines follows well-established practice, and 
a high content of fabricated components was em- 
ployed. Shipping clearances were sufficiently large to 
allow the design of the head cover, distributor ring, 
regulating ring and runner as single pieces. The spiral- 
casing stayring assembly was shipped in four quad- 
rants. 

The importance of the junction between the spiral- 
casing plate and lip of the stayring casting was recog- 
nised in the design stages, and special precautions 
were taken to reconcile the different allowable stress 
levels between the plate and casting. It was decided 
that the allowable tensile stress level of 10,000 Ib/in? 
used in the general stayring-casting design could be 
increased to 12,500 Ib/in* in the portion of the lip 
to which the spiral plates were welded, provided that 
a number of specified conditions were imposed con- 
trolling the weld and the quality of the casting 
material to be used. These conditions included a com- 
plete radiographic examination of the stayring lip 
at the foundry, and special impact tests of the 
materials. Also, the welded joint between stayring lip 
and spiral-casing plate was completed in the shop, 
subjected to 100% radiographic examination, and 
thermally stress relieved. 

The scrollcase quarter sections were completely 
shop welded and stress relieved, and the bolted joints 
of the stayring quadrants were designed so that the 
bolts could be prestressed by heat tightening. Four 
radial spiral-casing joints were field welded and sub- 
jected to 100% radiographic inspection. The complete 
spiral-casing stayring assembly was pressure tested 
in the field to 600 Ib/in*. No difficulties were experi- 
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enced during either field weld- 
ing or the subsequent tests. 

The mild-steel runner, ap- 
proximately 14 ft in diameter, 
was cast in one piece weigh- 
ing approximately 35 tons. 
The areas of the runner most 
liable to damage from cavita- 
tion pitting were protected 
with stainless-steel overlay. 
To minimise the leakage past 
the runner, special replace- 
able double-toothed labyrinth 
seals were shrunk on the 
crown and skirt. These mov- 
ing seals were arranged to run 
with very small clearances in 
matching labyrinth seals fixed 
to the head cover and pivot 
ring. The system of progres- 
sive contractions and expan- 
sions effectively reduces the 
leakage, and the small quan- 
tity passing the crown seal is 
drained through holes pro- 
vided for this purpose in the 
runner crown. The runner is 
secured to the shaft with 
fitted bolts, which also transmit the torque. 

The 42-in diameter main shaft is provided with a 
stainless-steel sleeve in the vicinity of the main shaft 
gland, and an integrally forged bearing collar for the 
self-lubricating bearing. As stated earlier, no genera- 
tor shaft was used, and the turbine upper shaft flange 
was bolted directly to the generator thrust block, the 
outer periphery of which constitutes the generator 
guide bearing. Fitted bolts secure the thrust block to 
the turbine flange, and it was decided to align the 
thrust block and shaft in the shop, and to fit the bolts 
there. 

The main shaft bearing is of the self-lubricated type 
with individually adjustable babbit-lined pads. Cool- 
ing is accomplished by passing water through a cavity 
in the bearing pad itself, and the bearing pads are 
all linked by a piping system. The main shaft gland 
is of the segmental carbon variety, and the carbon 
rings from a seal with a stainless-steel sleeve. 

The guide vanes and regulating gear are protected 
from overloading by bronze shear pins in the linkage 
arrangement, and control is effected through the regu- 
lating ring from the governor-controlled servomotors. 
Both the head cover and the pivot ring were provided 
with stainless-steel liner plates in the vicinity of the 
guide vanes. The type 405 stainless steel used for the 
clad portion of the liner plates was also used to over- 
lay the sealing surfaces at top and bottom of the cast- 
steel guide vanes. A Brinell hardness difference of 
approximately 100 points was maintained between the 
clad surface and the guide-vane overlay. Further 
stainless-steel protection was provided at the sealing 
surfaces located at the nose and tail of the guide vane 
and also on the bearing trunnions. 

The general arrangement of the turbine and genera- 
tor with the single shaft, and the location of all 
auxiliaries and components has resulted in an ex- 
tremely compact and clean-cut turbine pit. 
Electrohydraulic Governors 

The advantages of electric governors in obtaining 
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Fig. 5. Multiple slow-speed bearing-test facility with automatic torque- 


measurement recorder 


ihe best possible governor performance and flexibility 
of control desirable in large power-system operation 
are today generally acknowledged by the power- 
generating companies. The English Electric Co. Ltd. 
have been engaged since 1953 on the design and appli- 
cation study of various types of electric governors. 
Parallel development of magnetic-amplifier and 
transistor governors was also undertaken, and the 
experience gained was utilised in the design of the 
Chute-des-Passes electrohydraulic governors, which 
are magnetic-amplifier controlled. The order for these 
governors was obtained following a one-year demon- 
stration of a magnetic-amplifier ‘prototype in the 
Shipshaw power stations of the Aluminium Com- 
pany’s Saguenay system. During this demonstration 
period the reliability of the governor was assessed, 
and the operating personnel became familiar with its 
operation and per‘ormance. In addition to the usual 
governor acceptance tests of sensitivity, dead band, 
and speed variation with load change, a special test 
of system regulation was contrived by operating all 
other governors in the system against their gate limits, 
and allowing the electrohydraulic governor to regu- 
late the system while 30-MW disturbances were 
created. 

The electrohydraulic governor features, which per- 
mit joint operation, incremental speed droop, fringe 
control on tie lines (fast transient), and simple adjust- 
ment of governing parameters, are well known to 
control engineers. There are features of construction 
that are also worthy of attention. The most significant 
difference from mechanical governors is that there 
are no moving paris in the most sensitive section of 
the governor; thus, insensitiveness due to dead band 
and “stiction” in these sensitive parts is eliminated. 
This allows corrective action to be taken for frequency 
errors not detectable by mechanical means. Further- 
more, the absence of moving parts means an absence 
of wear in the electric sensing head. The magnetic 
amplifier itself is a robust and durable piece of equip- 


313 








ment. The technique, controls and components used 
are similar to those that have been used successfully 
for steel-mill automation over the past ten years. The 
atmospheric conditions and vibration level of these 
mills are much worse than those occurring in generat- 
ing stations. 

The logical segregation of the mechanical and elec- 
trical sections of the governor leads to improved 
station layouts. The mechanical assembly, housed in 
the actuator cabinet, is located down on the turbine 
floor, permitting simplified piping and minimal 
lengths of return-motion cable. The control cubicle, 
on the other hand, is mounted with the electrical 
cubicle on the generator floor with the voltage-regu- 
lator and field-breaker cubicles. This division of the 
governor into electrical and mechanical assemblies is 
shown schematically in Fig. 6. 

The electrical circuit is broken down into simple 
logical subassemblies, which are fitted to individual 
panels. These panels are then fitted to a standard 
19-in rack in the cubicle, making a neat, convenient, 
and easy to maintain unit. Setting-up controls, to be 
clamped after commissioning, are fitted to the appro- 
priate panels, and response controls such as droop, 
temporary droop strength, and time constant are 
brought out to a separate panel to permit adjustment 
while the unit is in operation. 

The fact that both the power and the speed signal 
for the electric unit are obtained from a multi-pole 
3-ph permanent-magnet generator coupled to the top 
of the generating units means that the unit is com- 
pletely self contained, and, under emergency condi- 
tions, there is no dependence on external power for 
governing. 

The master speed reference consists of a high- 
stability parallel-tuned circuit followed by a phase- 
sensitive rectifier unit. With the permanent-magnet 
generator running at the tuned circuit frequency, the 
phase-sensitive rectifier output is zero; if the fre- 
quency moves away from the resonance value, the 
output magnitude depends on the difference between 
the frequencies, whereas the polarity depends on whe- 
ther the permanent-magnet-generator frequency is 
above or below the tuned circuit-resonance frequency. 


The output is fed into a two-stage magnetic ampli- 
fier, the first stage being a push-pull mixing unit and 
the second a single-ended output unit. All control 
signals are fed into the first-stage unit. These may 
include the frequency described above, or load- 
control signals, tie-line signals, water-level control 
signals, or a combination of these and more. 

Other panels of the assembly provide the necessary 
operating voltages, control and protection relays, and 
circuit-monitoring facilities. Protection is arranged to 
effect one of three actions, depending on the type of 
fault. These actions are: 

(1) Complete shutdown. 

(2) Shutdown to no-load gate. 

(3) Application of gate lock. 

The mechanical assembly contained in the actuator 
cabinet includes the electromechanical actuator, the 
pilot and main distributing valves, and the hand con- 
trol gear, as well as the governor pumping set. 

The electromechanical actuator is a moving-coil 
device giving a force of 24 lb/A, and arranged for a 
stroke of 0:5 in. Under zero-current conditions the 
armature is forced to the closing-side stop by a spring, 
whereas during normal governing the armature would 
be centred with a current of 0-5 A flowing. This safety 
feature ensures that, if the governor goes out of action, 
the turbine tends to shut down. A special gate lock is 
provided to check this shut-down tendency, and to 
hold a steady gate position in the case of certain 
detected governor faults. 

The manual control of the governor is effected by 
means of a handwheel linked through the return- 
motion system to the pilot valve. This is shown dia- 
grammatically in Fig. 7, which also indicates the 
arrangement of the 10-in main distributing valve and 
return motion linkages. The governor was designed to 
give opening and closing times of 5 sec, through much 
longer times have now been set as a result of detailed 
pipeline studies. 

The advantages of locating the actuator itself near 
the turbine pit, which results in short lengths of 
governor piping, were fully realised at Chute-des- 
Passes, where a detailed study of alternative layouts 
was considered. The optimum arrangement was 
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Fig. 7. Diagram of control for electrohydraulic governor 


achieved with the pressure system on a unit basis, 
whereby each pumping set was provided with two 
vertically mounted 35-h.p. motor-driven pumps com- 
plete with relief, bypass, and safety valves, and was 
connected to a pressure accumulator immediately 
adjacent to the actuator cabinet. Other arrangements 
considered included the use of twin-cabinet actuators 
or, alternatively, an interconnection between all five 
units with a single larger pump in each unit. The unit 
system adopted, in addition to being the most straight- 
forward, will also be simpler to service with the 
smaller pumps and motors. 

With the unit system one of the two pumps was 
arranged to run continuously, the other only operat- 
ing when actuated by a pressure switch during con- 
ditions of exceptional governor activity. To enable 
the service on the pumping equipment to be equalised, 
echelon control has been provided. 

Two special points of note are the brushless vari- 
able transformer to provide the gate return-motion 
signals, and the gate lock to prevent the loss of genera- 
tion previously mentioned. The gate lock can be 
selected either automatically or manually, and has 
an overriding automatic control to remove the lock 
on loss of electrical load. 

Although an electric governor unit lends itself to 
automatic starting, starting at Chute-des-Passes is 
performed by hand control of the gates from the 
mechanical assembly, or by motorised control of the 
hand mechanism from the control room, the governor 
taking over as normal speed is reached. 

Once operating speed is reached control of the 
governor is effected by means of a rotary control, 
fitted to the control-room desk and calibrated in terms 
of gate opening. This serves as a tuning control for 
synchronising, and as a calibrated loading control 
after synchronisation, and, thus, operators can set the 
contro] and leave the machine to pick up the required 
amount of load. This is of particular importance at 
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Chute-des-Passes where a relatively large pipeline 
effect requires heavy governor damping with resulting 
slow response. 

All the Chute-des-Passes governors are arranged 
for joint control, the transfer from separate to joint 
control being a simple switching operation by the 
shift operator at the control desk. The joint controls 
are grouped together on the operator’s desk. The 
operation of the five units on joint control will give 
the equivalent of a single unit of 1,000,000-h.p. capa- 
city, which can be used to regulate system frequency 
by operation at low droop or for tie-line fringe con- 
trol. It should be added that on the line fringe con- 
trol the joint machines require only one set of extra 
supervisory equipment, as opposed to a station with- 
out joint control, where a set of supervisory equip- 
ment would be required for every unit to operate on 
fringe control. 
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Montreal Hydraulics Conference 


A brief summary is given of papers of hydro-electric 

interest presented to a recent conference sponsored by 

the Engineering Institute of Canada and the American 
Society of Mechanical Engineers 


HYDRAULICS conference sponsored by the 
Engineering Institute of Canada and the Ameri- 
can Society of Mechanical Engineers was held 

in Montreal from May 8-10. It was attended by 151 
engineers, including 53 from the United States, and 
36 papers were presented, 14 of which concerned 
hydro-electric matters. Brief summaries- of these 
papers will be given under their appropriate subjects. 


WATER HAMMER 
Surges in Gate Air Vents. McCaig & Jonker 

(Canada) (61-HYD-2) 

These authors examined air-vent phenomena fol- 
lowing gate closure where back-surges can cause 
damage. The analysis determines minimum and maxi- 
mum water levels in terms of closure rate and other 
parameters. 


Surge-Chamber Phase Plane Equation. Marris (USA) 

(61-HYD-9) 

In this paper the author introduced a new surge- 
chamber concept describing water-level motion utilis- 
ing non-linear differential equation singularities for 
predicting performance. The simple surge-chamber 
phase plane solutions mapped in dimensionless terms 
confirm: 

(i) Thoma’s condition always gives instability. 
(ii) Paynter’s analogue-computer investigations for fric- 
tion and inertial drainage on full-load acceptance. 


PIPELINES 
High-Head Pipeline Design. 

(61-EIC-10) 

The author discussed pipeline design for different 
water-hammer and emergency conditions, turbines 
and climates, as shown in the table below. 

Although low transition temperatures did not con- 
cern Kundah, cost, weldability and ductility with- 
out stress relieving were factors in choosing TI 
stee! for both installations. The comparative stresses 
(Ib/in?) are shown in the table overleaf. 


Smith (Canada) 





PRIME MOVERS 
High-Head Francis Turbines and Pressure Regula- 
tors, Mammoth Pool Project. Brown (USA) 

(61-HYD-21) 

The features of these 360 r.p.m. Francis turbines 
rated at 88,000-98,000 h.p. and 950-1,032 ft head 
are: 

(i) The 90/69-in butterfly valves with metallic sealing. 

(ii) 60-in conical relief valves with correlated governor 
servomotor stroke and turbine characteristics, aera- 
tion and safety arrangements. 

(iii) Water-depressing system for motoring with the inlet 
valve open. 

(iv) Air admission to the throat at high gates and 
through the head cover at low gates. 

(v) Runner removal via the draft-tube cone. 

(vi) The 92:7% peak efficiency by the salt-velocity 
method and agreement with model tests. 

Special attention was devoted to stayring and head- 
cover rigidity, guide-vane clearances, suspension and 
alignment and runner design in respect of:— 

(a) Grinding blade entry and discharge edges to mini- 
mise shock. 

(b) Penstock vibration elimination by combination of 

runner blades (15) and guide vanes (18) and their 

interspace clearances. Moreover, the blade tops were 

inclined to expose them gradually to the stationary 

parts, thus spreading pressure pulsations over longer 

periods. 

Seal location and clearances in terms of hydraulic 

thrust, leakage and cooling. 

(d) Dynamic balance. 


(c 


Pump Characteristics and Specific-Speed Effects on 
Hydraulic Transients. Donsky (USA) (61-HYD-3) 
This author expanded the Karman-Knapp non- 

dimensional pump-test data for full and zero head 
in speed/flow co-ordinates into a family of curves 
using homologous laws for three specific speeds to 
derive characteristics in normal/reverse pump, tur- 
bine and energy-dissipation zones to ascertain water- 
hammer calculation errors with improper pump 
characteristics. It concludes that: 


Pipelines 
Location Scheme Turbine Gross head . ; 7s 5 Supports 
| type Diameter Length 
ae | Pe 

ft in ft 

Madras... .. | Kundah Impulse | 1,177 63-51 3,240 Close spaced 
2,470 57-45 5,300 Masonry piers 
Canada Spray Francis | 900 96-84 1,600 Ring girders 
| | 
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Steel grade A 285 C 
Minimum yield 30,000 
Tensile 55,000 
Ratio yield/tensile .. 0-545 
17,000 


Allowable stresses 


Margins on: 
Yield ... 1-77 
U!timate 3-23 


Water-hammer estimates using approximate specific- 
speed characteristics are acceptable. 

Radial pumps give greater down and upsurges than 
axial-flow pumps. 

Valve-closure head rise depends (a) more on closing 
rate and flow-control time than on pump charac- 
teristics; (b) on reverse flow and is therefore greater 
with mixed- and axial-flow pumps. 

High heads are produced by reverse flow (a) during 
valve closure; (b) when starting mixed- and axial- 
flow pumps. 

Power failure without valve closure gives (a) higher 
reverse speeds with axial-flow pumps; (b) maximum 
reverse speed in less wave-travel time for radial- 
flow pumps; (c) similar wave-travel times for slow- 
ing down to zero speed for all types. 

The figures below are given in the paper: 


(i 


— 


(ii) 


(iii) 


(iv) 


(v 


90,000 
105,000 
0-860 

40,000 


Stress Safety factor Stress 


13,000 50,000 


38,000 60,000 


inception, drag and lift coefficient. Further work is 


in progress. 


Cavitation-Damage Mechanisms. Naude and Ellis 

(USA) (61-HYD-8) 

Using perturbation theory and assuming constant 
pressure inside a symmetrical non-hemispherical 
cavitation bubble collapsing on a solid boundary, 
these authors confirmed, by high-speed photographs 
and damage on aluminium, that deformation occurs 
before attaining minimum volume and that cavities 
striking the boundary create higher pressures than 
those due to gas pressure. Damage is apparently in- 
fluenced by cavity shape on impact with boundary, 
jet, velocity and tip radius, rather than collapse away 
from the boundary. 


as Surge rated head 
Pump type Specific speed 2 
ss (US gal) . — 
Downward Upward 

Radial 1,800 45 74 11 34 

Mixed 7,600 | 39 70 0 0 

Axial 13,500 31 60 4 0 
Pipeline constant 2p 2 8 2 8 

Pump and pipeline inertia K.2L/a=0°1 

Development and Tests on Bulb Units. Cassaci, Cavitation-Erosion Prediction from Accelerated 


Duport (France) and Pariset (Canada) (61-EIC-13) 

This paper outlined bulb-turbine development and 
the advantages of these machines in terms of specific 
speed, output and cavitation, for run-of-river and re- 
versible tidal plants. Although much of the informa- 
tion is available through SHF (1958) and IAHR 
(1959) Conferences, it stressed the contribution of 
model tests to industria! realisation and gave data for 
the Cambeyrac, Argentat, Beaumont-Monteux and 
St. Malo units. 


CAVITATION 
Cavitation Tests for Accelerating-Flew Cascades. 
Numachi (Japan) (61-HYD-1) 
The author investigated four theoretical designs 
experimentally for cavitation as a function of retarded 
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Tests. Hobbs (United Kingdom) (61-HYD-19) 

This paper significantly pointed up future research 
to ascertain prototype damage, since there is some 
agreement between accelerated tests and field observa- 
tions. Models might solve this problem despite un- 
known scaling laws, but distorted flows and pressures 
might be necessary because (i) Froude’s Law gives 
low velocities where prototype cavitation occurs; (ii) 
at prototype head with reduced transit times, cavita- 
tion intensity and location are out of scale. Mode! 
tests with partially deaerated water under increased 
pressures are proposed with the affected parts in ade- 
quately strong erodible material, utilising the prin- 
ciple that because bubble collapse is at Ap™ or v™ 
it Occurs at the same place. 

Two rigs were constructed as follows: 
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(i) Water Tunnel with a | ft 6 in by 2 ft working sec- 
tion accommodating cylinders subjected to inlet 
and back pressures of 250 ft and 80 ft. Two obser- 
vations are important: (a) air content and tempera- 
ture; (b) blockage ratio for maximum erosion rates 
(80%). 

(ii) Variable-Speed Jet/Disc Impact Machine for Square 
Specimens 
Although cavitation is not simulated, tests show: - 
(a) Correlation with water-tunnel, vibratory and 

constricted-tube devices. 

(b) An “incubation” period and a limiting impact 
velocity related to fatigue strength. 

(c) Weight loss proportional to jet area. 

(d) Negligible corrosion because of short impact 
duration but increased erosion with salt solu- 
tions. 

(e) Erosion independent of temperature and air 
content. 

(f) Damage production 3,000 and 100 times faster 
than water tunnels and vibratory devices res- 
pectively. 


High-Velocity Effects on Turbine Pitting. Lawton 
and Lester (Canada (61-EIC-2) 

This paper presented 30 years’ operational experi- 
ence with a 110-ft head 45,000-h.p. Francis unit 
(n,=67) and a 164-in cast-steel runner for which the 
pitting rate AP is correlated with Av" and other data. 
Values of n are given in the following table: 


Field 
Nl 


Radioactive | 
paint 


Laboratory 


Aluminium Mild-Steel 
plates discs 


Actual 
Isle Maligne | 


7-0 6:8 | 60 | 50 


A cavitation threshold exists beyond which pitting 
accelerates and over-gate operation is undesirable, 
particularly with high-curvature blades. 


ICE PROBLEMS 

Research continues on ice problems where theory 
must be coupled with model tests and experience. 
River/Ice-Sheet Heat Transfer. Baines (Canada) 

(61-EIC-4) 

In this paper the author generalised on ice-sheet 
evolution. The numerical analysis based on two- 
dimensional water motion and heat-flow at the river, 
ice-cover interface reveals that: 

(i) The temperature is almost constant. 

(ii) Discharge variations may change the lateral shape. 
(iii) Flow capacity decreases 13-3% approximating De 
Bellmond’s measured 36% head-loss increase. 

(iv) Local thickness control is possible by air bubbles or 

water jets, inducing shear. 

The difficulties and inconsistencies with observa- 
tions are emphasised. 


Formation and Evolution of Ice Covers on Rivers. 

Pariset and Hausser (Canada) (61-EIC-6) 

This extension of the La Salle work analyses ice- 
cover development via basic hydraulic and mechani- 
cal laws, and utilises St. Lawrence River and Beau- 
harnois Canal measurements. Water velocity is the 
classifying parameter, and by demonstrating that 
cover progression by ice-floe juxtaposition is one 
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phase of a general mechanism, establishes the limits 
of thickening or melting by heat transfer via air/ice, 
water interfaces and snow cover. Relationships are 
developed for the upstream ice thickness and external 
forces due to thrust, flow and wind shear and bank 
reaction for narrow and wide covers. Ice, being plas- 
tic, thickens by deformation or crushing if stressed 
beyond the breaking limit, giving the “shove” 
phenomenon. The theory explains the action of 
booms, which relieve ice-cover stresses. Model tests 
require two materials (wood and plastics) for non- 
submersion and cover-stress problems. 


GENERAL 
Iwo papers bordering on mathematical philosophy 
and engineering economics deserve mention. 


Interpretation of Experimental Data. Jones (Canada) 

(61-EIC-12) 

The quest for accuracy is described as an engineer- 
ing challenge, and with hydraulic examples of 
economic significance the paper dwells on measure- 
ments, function-fitting, interdependence, interpreta- 
tion and dimensional analysis. 


Measures of Value and Statistical Models. Clough 

(Canada) (61-EIC-5) 

In decisions regarding flood-control or water- 
conservation schemes the key is cost and benefit 
scales. Two appraisal problems are explored, where 
even approximate analysis involves (i) defining 
acceptable value scales for tangibles and intangibles; 
(ii) a statistical description of flood damage; and (iii) 
weighting of intangibles where market or price struc- 
tures do not exist or reflect social values. 

An adaptation of Churchman & Ackoff’s method 
of estimating values based on expressed preference is 
proposed for comparing competing multi-purpose 
projects. For the statistical model, potential, peak, 
seasonal and sequential floods lead to Monte Carlo 
simulation for damage assessment. These are claimed 
to give realistic valuations where political or local 
economic considerations are important, but neverthe- 
less assume acceptance by people unaccustomed to 
mathematical aids to judgment. 


Kompass Register. A new British company, Kompass 
Register Limited, of Therese House, 29/30 Glasshouse 
Yard, Aldersgate Street, London, E.C.1, is now un- 
dertaking the compilation and publication of a large 
register that will contain a detailed list of products 
and manufacturers in all sections of British industry. 
The index and the products and services classifica- 
tion will be in five European languages, and are likely 
to give information on some 25,000 firms. Similar 
registers for the products and companies of Switzer- 
land, Spain, Sweden and Denmark are already avail- 
able, and registers other than the United Kingdom 
one are also in the course of preparation. 


New Automation Company Formed. The General 
Electric Company Limited, of England, and Thomp- 
son Ramo Wooldridge Incorporated, of Los Angeles, 
USA, have formed a new British company to market 
industrial process control systems in Great Britain, 
the European Free Trade Area and the British Com- 
monwealth. 
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Canadian Electrical-Power Industry 


THE Thirteenth British Electrical Power Conven- 
tion was held at Eastbourne from June 12-15, and 
had as its theme: “Electricity in Prosperity and Wel- 
fare of the Nation.” Four papers were presented by 
well-known authors, of which “The Electricity Power 
Industry in Canada” by A. E. Grauer, B.A., Ph.D., 
LL.D., was probably of the most direct interest to 
hydro-electric engineers. 

The paper by Dr. Grauer, who is chairman of the 
British Columbia Electric Co. Ltd., dealt with a large 
subject, and the author treated it logically and suc- 
cinctly. It is perhaps not generally realised that 
Canada, despite her relatively small population of 
some 18 million persons, stands second only in total 
electrical output to the USA and the USSR, and is 
roughly on a par with the Uniied Kingdom. On an 
output per capita basis, Canada is led only by Nor- 
way, another highly developed hydro country. Dr. 
Grauer briefly traced the rapid development of the 
Canadian electrical-power industry, and then des- 
cribed the present situation, the main feature of which 
is the growth of individual utilities, which are founded 
essentially on the provincial structure of the country. 

Canada’s power requirements for the future, and 
the means of financing the anticipated growth, were 
considered, and Dr. Grauer showed that these require- 
ments may continue to grow at an average rate of 
more than 6% per annum, and necessitate the instal- 
lation of between about 40,000 and more than 60,000 
MW of new generating capacity by 1980. Such an ex- 
pansion would require an expenditure of several thou- 
sands of millions of dollars, but confidence is ex- 
pressed in the ability to raise these funds, both from 
Canadian and overseas investors. 

The potential resources for increased power pro- 
duction and their relative importance were carefully 
considered, and it was evident that hydro power still 
has a major part to play, with Quebec and British 
Columbia having the largest undeveloped resources. 
In common with most other countries, the estimate of 
exploitable water-power potential has been raised 
several times, and Dr. Grauer now suggests a value 
of the order of 70,000—-80,000 MW, which compares 
with the present installed plant capacity of some 
20,000 MW. In some parts of Canada, however, the 
economic hydro resources have now been fully 
utilised, and there is likely to be a large increase in 
thermal installations, particularly in Ontario. The 
introduction of nuclear power was also discussed, and 
once again there appear to be possibilities in Ontario, 
where nuclear power may come earlier than in other 
areas of Canada. 

The cost of electricity production was covered in 
some detail by Dr. Grauer, and he showed that the 
generally world-wide trend towards a narrowing of 
the gap between thermal and hydro generation costs 
also applies in Canada at the present time. However, 
he felt that, although hydro-electric energy might rise 
in cost from about five mills/kWh to some six mills 
in the early 1970s, thermally produced energy is not 
likely to cost less than about six to seven mills/kWh. 

A number of problems of great importance were 
described, including that of long-distance transmis- 
sion and the question of a national grid for Canada. 
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The author considered that the case for the grid had 
yet to be made, and the cost is likely to be a major 
deterrent. The problems of fish protection were also 
briefly discussed. The paper concluded that Canada 
would continue to have an international electrical 
cost advantage for some decades, due in some mea- 
sure to its low-cost hydro resources, and that thermal 
power would have an increasing role to play in con- 
junction with the hydro-electric developments. 





B.H.R.A. Open Days 

The British Hydromechanics Research Association 
recently held their annual Open Days at the Harlow 
laboratory, and the usual interesting display of 
models that we have come to expect was provided. 
Although much of the B.H.R.A. work is outside our 
particular field, a number of investigations are con- 
cerned either with hydro-electric schemes or with 
problems of common interest to the hydro-electric 
and the water-supply engineer. 

One of the most interesting studies from our point 
of view is, unfortunately, only in the model-construc- 
tion stage at the moment. In order to assist the hydro- 
logical study of the Kaduna River in Nigeria, where 
it is proposed to build a hydro station, some rapids 
have been trimmed by blasting to form a rough weir 
for gauging the dry-weather flow. A scale model is 
now being constructed to obtain an approximate cali- 
bration of the weir. The model will be contained in 
a 3-ft deep brickwork tank, which is at present 24 ft 
by 24 ft, but which can be extended to a length of 
70 ft. 

Another large model is that for the spillway and 
stilling basin for Sasuma dam in Kenya. The model 
has been constructed to a | : 30 scale, and is intended 
for the investigation of the proposed design, which 
is for a maximum discharge of 16,000 cusecs. Par- 
ticular attention is to be paid to conditions at the 
junction of the spillway and natural water course, 
where adverse site conditions have restricted the 
stilling-basin design. 

It is clear that much useful work is being done in the 
applied fluid-mechanics field, and many examples 
were shown of such studies as pump-sump and 
turbine-intake design, with particular reference to the 
formation of vortices, cavitation in control valves, 
pressure surges in pipes, and the hydraulic problems 
involved in pipe layouts for pump-testing circuits. The 
use of air models in closed-conduit flow systems con- 
tinues to be a feature of the laboratory’s work. 





Dominion Engineering Co. Ltd. This company’s 
power crane and shovel division have sent us a 
pamphlet in which their large range of plant is depic- 
ted pictorially. 


Pressure Grouting. This is the title of an interesting 
and useful publication by George Wimpey & Co. 
Ltd., Hammersmith Grove, London, W.6. The bro- 
chure describes, with the aid of actual examples, the 
various applications of pressure grouting in founda- 
tion and repair work. 
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Fig. 19. Site of Jylhdmd station before development, looking towards Lake Oulu. Aerial photograph by 
Veljekset Karhumdadki Oy 


Power from the Oulu 


In this article we describe the stations on the upper section 

of the main Oulu watercourse. The Oulu—one of the most 

important rivers in the north of Finland—will have an 

aggregate installed capacity of 530 MW and an average 
annual output of 2,750 GWh 


PART 


T now remains to describe the stations on the main 
Becsmmen of the Oulu, which extends from Lake 

Oulu to the Gulf of Bothnia. Reference to the map 
of the main watercourse given in Fig. 2 of our June 
issue will assist in following this description. 

It will be remembered that the lowermost station— 
Merikoski—belongs to the city of Oulu, but that the 
other stations have been built by Oulujoki Oy. The 
first station to be built—and the largest—was Pyha- 
koski, which was completed in 1948, after which the 
construction group concerned finished Palli station in 
1954 and Montta in 1957. A second construction 
group, operating farther upstream, built Jylhama 
station in 1951, Nuojua in 1954 and Utanen in 1957. 

In last month’s article relating to the stations on the 
Ema we pointed out how design techniques had de- 
veloped in planning successive stations. Buildings and 
civil-engineering structures became simpler, more 
compact, and therefore cheaper, and the height of the 
generating sets was reduced by such devices as plac- 
ing the thrust bearing on the turbine cover. A similar 
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trend of development can be discerned in the case of 
the plants on the main watercourse, and it is to assist 
the reader in this respect that we have repeated the 
various dates of construction. Indeed, the stations now 
being considered illustrate the point more completely, 
for Pyhakoski and Jylhama—the first two stations to 
be built—have indoor transformer and high-voltage 
switchgear halls, whereas the later stations have out- 
door transformers and switchyards. 

A difference in planning between the Ema and 
Oulu stations which will be immediately evident is 
that the Ema series are single-machine installations 
whereas each of the stations on the Oulu has three 
machines. The choice of three machines per station 
on the main watercourse was influenced in the first 
place by the design of Pyhakoski station, where the 
40 MW, 150 cu. m. per sec., 32 m. head machine was 
as large a unit as was feasible in the circumstances 
and where the total flow called for three such 
machines. Moreover, the stations on the main water- 
course are in constant service, and the use of three 
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Fig. 20. Interior of Jylhima power station, showing the machine hall and the adjacent switchgear annexe 


machines enables maintenance to be carried out with 
the minimum loss of water and of output. 

On the other hand, the flow on the Emi can be 
easily handled by a single machine; furthermore, the 
stations on this watercourse are peak-load installa- 
tions planned to be run 3,500—4,500 hours per annum, 
and there is ample time to carry out all necessary 
maintenance, and the excellent regulation prevents 
loss of water. 

Having drawn attention to these interesting factors 
we are now free to describe the stations in their 
natural order from upstream to downstream. 


Jylhama Station 

As explained in our first article, Jylhama forms the 
regulating station for Lake Oulu, and to obtain the 
necessary storage without excessive flooding the 
natural outlet of the lake had to be lowered by 1°5 m. 
As the terrain in the vicinity is very flat (see Fig. 19) a 
great deal of heavy excavation was needed. A channel 
2-5 km. long was cut from Lake Oulu to the site of 
the power station, involving the removal of 40,000 cu. 
m of rock and 45,000 cu. m. of earth, and to form 
a forebay nearly 4 km. of lateral dykes, 6-7 m. high. 
had to be built. Below the power station a tailrace 


Fig. 21. Downstream view of Nuojua power station 
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Fig. 22. Nuojua switchyard and main transformers. This is a nodal point in the transmission system 


channel, 1-6 km. long, 25 m. wide and 16 m. deep, 
had to be blasted almost completely out of the rock. 
Altogether, about 700,000 cu. m. of earth had to be 
excavated and a similar quantity of rock blasted. Up 
to 12 excavators and 200 trucks were in use at any 
one time, and the station and dam site was served by 
a 6 ton cableway having a span of 500 m. The loca- 
tion map, Fig. 18, gives some idea of the extent of the 
works. 

Jylhama also formed the main construction centre 
for the upper section of the river, and a concrete 
batching plant, repair shop, stores, and living accom- 


modation for more than 1,000 workers were located 
here. 

The spillway is immediately to the right of the 
power station and has two openings, each closed by 
a Tampella tainter gate 14 m. wide by 7:95 m. high. 
A log chute is situated between the spillway and the 
power station. 

The section through the power station given in Fig. 
18 reveals the characteristics of the earlier design 
approach. A separate hall has been built to house and 
handle the inlet sluice gates, the generating sets are 
comparatively tall, the draft-tube sluice gates are at the 


Fig. 23. The control room at Nuojua station 
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Fig. 24. Downstream view of Utanen station, spillway and tailrace 


mouths of the tubes, and a trans- 
former switchgear block has been 
built over the draft tubes. These 
features have been progressively 
modified in succeeding designs. 
The machine hall (Fig. 20) is 
66 m. long and is equipped with a 
125 ton Kone crane. It houses 
three 17 MW vertical Kaplan sets, 
comprising Tampella turbines 
operating on a head range of I1 to 
14 m. and coupled to Oerlikon 
10-5 kV generators, the power 
from which is stepped up by 
ACEC transformers. The average 
annual output is 220 GWh. 


Nuojua Station 

Several favourable factors com- 
bined to make the construction 
cost of Nuojua station exception- 
ally low. In the first place, as the 
site is only 5 km. below Jylhama, 
it was unnecessary to move the 
Jylhima construction camp, 
which, with its offices, stores, 
workmen’s accommodation, con- 
crete batching plant and repair 
shops, became the construction 
headquarters for Nuojua. All that 
was necessary was to move the 
portable equipment and to orga- 
nise transport for the requisite 
labour force and stores. In this 
connection, road and rail access 
were established in 1949-50. Then 
again, the site was a favourable 
one, as the only major civil- 
engineering task was to cut a tail- 
race channel, the material from 
which formed the dam. Here, too, 
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Fig. 25. General view of Utanen machine hall 
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Fig. 26. Map of Utanen tailrace, with local map of the power plant 


the river banks are high, so that little land was lost 
by flooding. The capacity of the station also reacted 
favourably on the unit cost; its installed capacity of 
80 MW is second only to that of Pyhakoski, and its 
average annual production is 400 GWh. These factors 
have made it possible to build the station for a cost 
of 76,000 FM. (£85) per kW installed. 

The power plant is located above the Nuojua 
rapids, and the tailrace was cut through a rocky pro- 
montory forming the right bank of the rapids. This 
tailrace, which leads to Nuojua pond below the 
rapids, called for the excavation of 230,000 cu. m. of 
earth and 275,000 cu. m. of rock. Much of this 
material was used to build the dam which seals off 
the river bed and is 20 m. high. 

The log chute and spillway are immediately on the 
left of the power house. Two openings in the spillway 
are regulated by 14 m. x 6°5 m. Tampella tainter 
gates, and discharge to a stilling basin and thence to 
the old river bed. 

The outdoor switchyard lies to the right of the 
power house immediately downstream of the embank- 
ment. 

An unusual means has been adopted for handling 
the heavy equipment required for the switchyard and 
power house. A railway track is laid across the dam, 
and immediately to the right of the power house a 
reinforced-concrete crane gantry has been built, ex- 
tending over the railway track on the dam on the one 
side and over the station yard at switchyard level on 
the other. Heavy equipment can thus be transferred 
direct from railway wagon or road lorry to switch- 
yard level or vice versa. This gantry, which can be 
seen to the left of Fig. 21, can also be used to lift tim- 
ber from the forebay on to railway wagons. 

The station framework is of reinforced concrete 
and is clothed with insulated concrete wall panels. 
Nuojua is the operational centre for the upper three 
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stations on the main watercourse, and due attention 
has been paid to heat insulation to ensure the com- 
fort of the staff. Larger office premises are provided 
than are available at the other two stations in this 
group, and the living quarters are ample and are 
beautifully situated on the shore of Nuojua pond. 

Three 27 MW generating sets are installed, consist- 
ing of Tampella vertical Kaplan turbines operating 
under a head of 22 m. and driving AEG generators 
at 136°5 r.p.m. A section through the station is given 
in Fig. 18. The average annual output of the station is 
400 GWh. 

As befits an operational centre, Nuojua forms a 
nodal point in the electrical transmission network. 
The Ema River power is brought down by a 220 kV 
line from Seitenoikea, and two 220 kV transmission 
lines leave Nuojua—one to the south of Finland and 
the other to Pyhakoski. Power from Jylhama is 
received at 110 kV. 

The main transformers consist of three three-phase 
three-winding units, each rated at 64/32/32 MVA at 
231/115-5/10-5 kV and supplied by AEG. The 110 kV 
circuit breakers and the 220 kV transformer circuit 
breakers are Oerlikon minimum-oil units, the 220 kV 
line breakers being of AEG manufacture and of the 
air-blast type. 


Utanen Station 

Utanen was the last station on the main watercourse 
to be completed, and it is interesting to compare its 
cross section with that of Jylhama (both given in Fig. 
18), which was the first of the upstream group and 
is somewhat similar in capacity and head. The mean 
head at Utanen is 15-7 m., the installed capacity 55 
MW, and the average annual output 280 GWh. 

This station is particularly interesting from the 
civil-engineering standpoint, as it concentrates the 
head over a 35 km. stretch of rapids between Nuojua 
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Fig. 27. Aerial view of Utanen tailrace cut through the river bed 


and Palli, comprising Kurenkoski and Ahmaskoski 
rapids above the station site and Utakoski and Sotka- 
koski below it. At first it was proposed to build two 
stations on this stretch, but a single station was 
found to be the more economic proposition, particu- 
larly as the total head averages only 15-7 m. 

To develop this head it was necessary to cut a tail- 
race channel 27 m. wide at bottom, 14 m. deep below 
water surface, and nearly 12 km. long, from the sta- 
tion to Lake Sotka. This tailrace, indeed, is an out- 
standing achievement, for it had to cross Lake Uta 
with its water surface 6-5 m. below that of the lake, 
and subsequently followed the old river bed—again 
at a lower level—for most of the way to Lake Sotka. 
A map of the tailrace, together with a site plan of the 
station, is given in Fig. 26, and an aerial view of that 
part of the tailrace where it passes through the exist- 
ing river bed is reproduced in Fig. 27. 

Over its course through the lake and along the river 
bed the tailrace is flanked on each side by a dyke 
Fig. 27) which normally seals off the lake and river 
waters but can be overtopped if the lake level should 
rise unduly. Lake Uta not only forms part of the 
main Oulu watercourse but is also fed by a small 
tributary, the Utos, flowing in from the north-east. 
To harness this flow, and also to make use of the 
difference of level between the lake and the tailrace. 
a small power station of 550 kW capacity, known as 
Ala-Utos station, has been built into the north-eastern 
dyke where it crosses Lake Uta. The position of this 
station is indicated in the map, Fig. 26. It is equipped 
with a Tampella turbine, a Stromberg generator and 
transformer, and a Raahe spillway gate. 

Owing to the large scale on which earth and rock 
work had to be carried out a considerable amount of 
construction machinery was required. At the tailrace 
site nine excavators were employed, all fitted with 
buckets of more than 2 cu. m. capacity. The largest 
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was a dragline with a 60 m. boom and a 6 cu. m. 
bucket. Over ten bulldozers and some thirty 20 ton 
trucks were used to transport spoil. Rock blasting was 
carried out by vertical drilling, mainly with the aid 
of wagon drills installed on crawler tractors, using 4 
in. and 24 in. bits. Excavation of the tailrace entailed 
the removal of 3-2 million cu. m. of earth and more 
than 3-8 million cu. m. of rock. 

Afier the tailrace had been finished, the rapids 
above the station were dredged. The Kurenkoski 
rapids were cleared in 1955—56, entailing the removal 
of 170,000 cu. m. of material, and in 1957 some 
145,000 cu. m. of material was removed from the 
Ahmaskoski rapids. 

The power house is built on bedrock on the south- 
east bank of the river. To the right of it is a log chute 
and a length of plain concrete gravity dam, beyond 
which is the spillway, having two 14 x 6-5 m. openings 
controlled by Tampella tainter gates. The spillway 
discharges into the old river bed, but the bed is sealed 
off by a dyke a little way downstream and the dis- 
charge is diverted into the tailrace. This can be seen 
clearly in the inset in Fig. 26. 

The station building has a_reinforced-concrete 
framework and is clad with prefabricated lightweight 
concrete panels; the exterior is covered with corru- 
gated aluminium. On the interior the walls are left 
in natural concrete, rendering painting unnecessary. 
A decorative touch is imparted to the machine hall 
by the treatment of the busbars, which are carried 
along the upstream wall in three horizontal passage- 
ways, one above the other, protected by metal grilles. 

Within the machine hall, to be seen in Fig. 25, are 
three 18 MW generating units consisting of Tampella 
vertical Kaplan turbines driving Strémberg generators 
which are connected to AEG transformers. The 
station is served by a 125/30 ton Kone crane. 

(To be continued) 
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IEC Water-Turbine Committee 


A brief report is given of the Fifth Plenary Session of 

Technical Committee No. 4 (Hydraulic Turbines) of the 

International Electrotechnical Commission held recently 
at Interlaken 


HE Fifth Plenary Session of the International 

Electrotechnical Commission’s Committee No. 4 

covering hydraulic turbines, which met in Inter- 
laken from June 26-28, was attended by 47 delegates 
under the chairmanship of Pro:. L. J. Hooper (USA). 
The representation comprised: United Kingdom, 4; 
Norway, Sweden and Finland, 11; Belgium, France, 
Switzerland and Italy, 13; Austria and Germany, 4; 
USSR, Czechoslovakia, Hungary and Yugoslavia, 4; 
USA, 3; China and Japan, 8. 

The previous session of IEC/TC4 in Madrid in 
July, 1959*, delegated major items of business to 
“Working Groups” for completion in accordance with 
the Committee’s broad requirements. Progress reports 
received on these tasks are summarised below:— 

Field Test Code for Hydraulic Turbines. This is 
circulating under the Six Months’ Rule, and com- 
ments from National Committees are due in Geneva 
on October 31, 1961. An “Editorial Group” was con- 
stituted to agree the text of the English and French 
editions, which may be published about mid 1962 and 
a second edition will be put in hand shortly after- 
wards. This draft Code was favourably received in 
the USSR. 

Model-Turbine Test Code. Drafting was delayed by 
the Field Test Code, on which it is to some extent 
dependent. A preliminary version, however, was dis- 
tributed to the Editorial Group and it is anticipated 
that a second draft may be completed by November, 
1961. 

Field Test Code for Storage Pumps. The draft 
issued to National Committees received considerable 
attention and the Working Group had to codify com- 
mentaries from 11 countries for presentation to the 
Committee. This was taken as a measure of interest 
rather than criticism, since few questions of principle 
were involved. The amendments agreed were referred 
to an Editorial Group with the target for submitting 
the revised draft to Geneva fixed for Spring, 1962, 
preparatory to circulation under the Six Months’ Rule. 

Test Code for Hydraulic-Turbine Governors. As 
anticipated, this was not an easy task, but a partial 
draft attracted constructive comments from Japan, 
Canada, Russia, Sweden, and notably from France, 
which formed the basis for the new document referred 
to the Committee. This embraced new techniques and 
modern regulation and servo-mechanism concepts, 
but excluded machine and load characteristics, which 
will undoubtedly bring added complexity to the work 
assigned to Working Group “R.” The new document 
was referred back for completion before circulation 
to National Committees for comment and subsequent 
revision preparatory to consideration next session. 
This Code, almost without precedent in the field of 
standardisation, poses complex problems and it will 





* See Water Power, August 1959, p. 314. 
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be interesting to see how the next draft stands up to 
the scrutiny of specialist designing, manufacturing, 
shop and site-testing engineers. 

Working Group “U” on Units. This report was not 
unexpectedly given an indifferent reception by the 
less academically minded Committee members accus- 
tomed to traditional systems, which are not neces- 
sarily homogeneous. Apparently the meeting did not 
observe that the Working-Group on the Governor 
Code had adopted the metre-kilogram-second system. 
The question of units and nomenclature vis-a-vis 
hydraulic machinery proper, the use of non-dimen- 
sional relationships in lieu of absolute values, and 
co-ordination with IFAC symbols may not be easily 
resolved. 

It transpired, however, that IEC have accepted the 
new system, and discussion centred on the most ex- 
pedient method of covering a transition period so that 
First Edition Codes will not be delayed in publica- 
tion and so that the relationships with existing units 
of measurement will be readily understood. The im- 
pact of the new sysiem on current textbooks, data 
and practical test procedures may have important 
consequences, and although there may be some resist- 
ance to its application by conservative hydraulic en- 
gineers, it will no doubt be readily adopted by 
younger engineers whose scientific education will 
enable them to realise its advantages in turbine, pump 
and governor development and testing. 


Other Business 

Discussions under this heading produced some in- 
teresting proposals, notably by the USSR delegate. 
from which it might be inferred that Soviet hydro- 
electric engineers are experiencing difficulties in plant 
operation, presumably with the large units which 
have been reported under construction. The Commit- 
tee received them sympathetically and noted the co- 
operative spirit coupled with them, but because many 
aspects involved research outside IEC/TC4’s scope 
and more appropriate to IAHR, full effect could not 
be given to these suggestions. 


SOVIET PROPOSALS FOR NEW YORK 

Hydro-Electric Unit Vibration. Enquiries will be 
made through National Committees for information 
which should enable the Committee to decide whether 
a Working Group could produce a Test Code on 
which performance standards could be based. 

Model and Prototype Cavitation. This question is 
not yet solved technically, and although the basic 
proposal was not adopted a Study Group was set up 
to define “critical sigma” and the methods of present- 
ing cavitation results. 

Plant Operation and Maintenance. This was fe- 
viewed at Madrid (1959) and reconsideration resulted 
in USSR and Sweden being invited to report back on 


327 








the possibilities of a Code to cover this topic. 


OTHER QUESTIONS 

Co-ordination With Other International Organisa- 
tions. Now that the Field Test Code for Hydraulic 
Turbines is nearing publication, to be followed by 
one for Storage Pumps and later by others for Model 
Tests and Governors, the need for liaison with other 
bodies such as the International Standards Organisa- 
tion (ISO), the International Federation on Automatic 
Controls (IFAC), and probably within IEC, is becom- 
ing apparent and methods of effecting co-ordination 
were reviewed. 

Storage-Pump Model Test Code. A Working Group 
was appointed to report on the need for such a stan- 


dard, possibly as a supplement to that on Model Tur- 
bines. 

The Committee adjourned after agreeing that the 
next conference should be in Venice in 1963 unless 
an earlier meeting was deemed necessary. This 
promises to be interesting, since many topics, old 
and new, will be on the agenda. 

On the whole, all three meetings proved effective, 
and a well-directed, friendly and constructive spirit 
prevailed throughout. With work on prototype turbines 
and storage pumps approaching completion in the 
technical sense, new business such as model tests. 
turbine governors and regulation, and units, introduc- 
ing more modern concepts than hitherto, will have to 
be examined. 





A New Hydraulics Laboratory 





General internal view of Glenfield & Kennedy laboratory looking north 


On June 8, a new hydraulics laboratory owned by 
the Glenfield group of companies, and operated by 
Glenfield & Kennedy Limited, of Kilmarnock, Scot- 
land, was Officially commissioned. The laboratory, 
which is sited close to the Kilmarnock works, has 
been designed to perform the basic functions of test- 
ing established products to determine soundness of 
design and to aid in further development, and of pro- 
viding fundamental data for the development of new 
designs. 

With these objectives in mind, past experience 
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showed that the main requirements for the laboratory 
were likely to be that pressure heads and flow ranges 
had to be extensive and flexible, working space had 
to be sufficient to allow flexibility of layout, and the 
test equipment had to be of a high standard of accur- 
acy. Glenfield & Kennedy feel that the laboratory 
adequately meets these and other requirements, and 
that ample facilities have been provided for the test- 
ing and proving of a wide range of hydraulic equip- 
ment. 

The laboratory is essentially a steel-framed brick 
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Venturi meter bank 


building of pleasing appearance, with portals sup- 
perting an aluminium-decking clad roof. The build- 
ing is 128 ft long by 42 ft wide, and consists princi- 
pally of a two-storey main block, a three-storey tower 
at the northern end, and a two-storey office annexe on 
the western side. The annexe includes modern draw- 
ing-Office facilities and a reference library. 

The major portion of the ground floor is taken up 
by the reinforced-concrete main storage tank, which 
has a working capacity of 72,000 gal. Passages con- 
taining fixed piping, Venturi meters, and pipe con- 
nections to the working floor above, are situated on 
either side of the tank. At the northern end of the 
tank, and on the ground floor of the tower, are the 
pumping sets; at the opposite end of the tank, and on 
the same level, are a delivery bay, circuit-breaker, 
boiler, and transformer rooms, and a filtration plant. 

The working floor, which forms the roof of the 
main tank and ground-floor side passages, has clear 
dimensions of 75 ft by 39 ft. It is cambered, with 
lateral drainage channels, which discharge to a drain- 
age sump, and access to the main tank is provided. 
The whole length of the main building is served by 
a 5-ton travelling gantry crane. 

A mezzanine floor is sited over the pump room, and 
extends over part of the working floor. It has an area 
of 53 ft by 31 ft, and is intended for small-scale ex- 
periments and _ investigations involving working 
models. At the top of the tower, and above the mez- 
zanine floor, is located the constant-head tank and an 
aerodynamics laboratory. The tank has a capacity of 
14,000 gal, and provides a constant head above work- 
ing floor level of 36 ft, with a maximum variation of 
$ in. 

The fixed pipelines of the laboratory connect the 
pumps to the constant-head tank, and the pumos and 
overhead tank to the working floor. The principal 
feature of the layout is that, with the exception of 
the vertical risers, the pipes are all below working- 
floor level. They are of bitumen-coated steel, and 
vary in diameter from 6 to 18 in. The pipe arrange- 
ment is such that the pumps may be connected either 
singly, in series, or in parallel to either the constant- 
1961 
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head tank or the working floor. In either case, the 

water can be passed through any one of three Venturi 

meters, and also through pressure-reducing valves, if 
necessary. 

Four main horizontal-spindle centrifugal pumping 
sets have been provided, consisting of a Harland 
Spiroglide multi-stage pump with a duty of one cusec 
a: 400 ft head and 1,470 r.p.m., two Harland Uni- 
glide single-stage split-casing pumps with duties of 
10 cusecs at 35 ft head and 975 r.p.m., and one Uni- 
glide with a duty of 2-5 cusecs at 42 ft head and 970 
r.p.m. The pumps are driven by slipring induction 
motors Operating from a 415 V, 3-ph, 50 c.p.s. sup- 
ply. 

In order to maintain the laboratory water in a clean 
condition, it is abstracted from the northern end of 
the main tank and passed through filtration plant, 
whence it is returned to the tank through its southern 
inlet. During the working day, the water is pumped 
continuously at the rate of 5,000 gal/h through a Stel- 
lar filter, and thus the total capacity of the tank is 
filtered in a period of 16 hours. 

The wide range of flows and pressures provided 
by the installations is illustrated by the following re- 
quirements that can be fulfilled by the 10-cusec units: 
(a) One or both pumps can deliver, through the over- 
head tank, any flow up to 20 cusecs at a constant 
head of 35 ft. 

Either pump can deliver less than 10 cusecs at 

heads up to 65 ft. 

(c) The two pumps in parallel can deliver less than 
20 cusecs at pressures up to 65 ft. 

(d) By connecting the delivery branch of one pump 
to the overhead tank, and the tank to the suction 
of the second pump, flows up to 10 cusecs at 
heads up to 100 ft can be obtained. 

(e) By connecting the delivery branch of one pump 
directly to the suction branch of the other, the 
pumping head can be doubled. 

Flow measurement is made by either standard Ven- 
turi meters, measurement of weight per unit time, 
or orifice plates. The Venturi meters, which are nor- 
mally used, are of 6, 12, and 18 in diameters, cor- 
responding to flow ranges of 0-6-1-8, 1:3-6:0, and 
4-0-20-0 cusecs respectively. Accurate measurement 
of very small flows can be made by means of a port- 
able tank and weighbridge. To control the flows, 
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General view of pump room 
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two main types of control valve are employed in 
the laboratory, both of which are designed to ensure 
freedom from fluctuations of flow and pressure. The 
first type is the pot valve, and the other a spear-type 
valve used with the weighbridge. 

The laboratory building was designed and con- 
structed by the Kelvin Construction Co. Ltd., Glas- 
gow, and the equipment was supplied by some 16 
specialist manufacturers. 


Device for the Non-Destructive 
Measurement of Elastic Properties 


An aid to quality-determination in structural 
materials by non-destructive means has been intro- 
duced into the United Kingdom by Aveley Electric 
Limited, of Ayron Road, South Ockendon, Essex. 
The E-G meter manufactured by Kretz is designed 
to make rapid and repetitive measurements of the 
dynamic modulus of elasticity and the torsional 
modulus of solids such as metal, concrete, rock, 
plastics, wood, coal, and ceramics. This wide range 
of applications by the E-G meter is said to be obtained 
by a simple and rapid operation, and the sharp dis- 
crimination of the instrument is claimed to give re- 
peatable measurements within 0:5%. 

The dials are directly calibrated in tons/cm? and 
lbs/in’. The use of five calibration units and the push- 
button selection of ranges are stated greatly to speed 


up the testing of a large number of samples. The 
10-in long slide-rule dial carries a calibrated scale for 
the common materials, and extra scales for special 
material. The accuracy of the instrument is ensured 
by a built-in quartz-crystal-controlled oscillator, which 
provides check points on the dial. The equipment, 
which is portable, is self calibrating and is fitted with 
a pulse-transmitting test-probe and a mounted adjust- 
able receiving probe to ensure accurate application 
to the test sample. 








Heavy-Current Switchgear for Ffestiniog 


In the Ffestiniog pumped-storage scheme the power 
plant consists of four 93-MVA generator-motor sets, 
each circuit being controlled by a 3,000-A oil circuit 
breaker, and the whole system by two 16-kV 1,500- 
MVA switchboards. This equipment is being sup- 
plied by the General Electric Co. Ltd. 

Each switchboard consists of three panels, the two 
end units containing the 3,000-A circuit breakers, and 
the central section the heavy-current busbar connec- 
tions between the 6,000-A and 3,000-A busbars. Bus- 
bars run the length of each switchboard, and tee-off 
connections go from each centre panel to two 16/290- 
kV 160-MV main transformers. The overall dimen- 
sions of each switchboard are 23 ft long by 11 ft 6 in 
deep by 12 ft 6 in high. 

A feature of the design is the considerable use of 
non-magnetic steel for the busbar chambers and of 
non-magnetic alloy for the framework and panels. 
This is a necessary adjunct of heavy-current gear, 
and is designed to keep the eddy-current losses, 
and consequently heating, to a minimum. 

Condenser-type tubular busbars, which also form 
part of the G.E.C. contract, are used inside the build- 
ing to link each main transformer with its switch- 
board. These busbars have an outside diameter of 
84 in and an internal diameter of 7} in, and are 
mechanically protected on the outside by a layer of 
binding wire, which also acts as an earthing sheath. 
The busbars are mounted at 3 ft 3 in centres and are 
brought from each switchboard through the switch- 
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house wall to the transformers. Two jointing cham- 
bers, consisting of one oil-filled unit inside the switch 
house and an air-insulated unit outside, split each 
busbar into three sections. Flexible laminations in 
these jointing chambers allow for busbar expansion, 
and silver-plated joints prevent undue temperature 
rise. An earth bar is taken from each oil-filled busbar 
jointing chamber inside the switch house to the neu- 
tral point of the appropriate main transformer. 

Connections between the 6,000-A and 3,000-A bus- 
bars are made inside an oil-filled chamber contained 
in the centre panel. Copper-strip connections are 
taken from the main 6,000-A busbars to spherical 
clamping arrangements bolted to the 3,000-A tubular 
busbars. From each clamping point a tapping is also 
taken to supply the 1,000-kVA station transformer. 
This tapping is connected to a long Bakelised paper 
bushing extending from the busbar chamber to a 
cable box at the rear of the unit. At the cable box 
end this bushing passes through a small chamber 
whence a connection is taken from each phase for a 
voltage transformer situated at the back of the panel. 
This 3-ph class B voltage transformer is used for syn- 
chronising purposes, and is rated at 200 VA per 
phase, isolation being carried out by a hand racking 
mechanism. 

Each bushing also carries a bar-primary-type cur- 
rent transformer used in the station transformer pro- 
tective scheme. 

Each end panel of both switchboards houses a 
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One of the 1,500-MV A, 3,000-A oil circuit breakers 
for Ffestiniog 


3,000-A 16-kV 1,500-MVA double-break oil circuit 
breaker, protective and metering current transformers, 
and a voltage transformer. Each circuit breaker is 
fitted with a solencid-operated closing mechanism, 
which can be controlled remotely or from the switch- 
board itself. Raising and lowering of a circuit breaker 
for maintenance is carried out electrically by means 
of a simple form of lifting screw-hoist gear driven by 
a motor, which is vertically mounted at the top front 
of the panel. 

Some of the protective current transformers asso- 
ciated with the generator-motors and main trans- 
formers have to be located on the feeder side of the 
3,000-A circuit breakers. This has necessitated the 
provision of current-transformer chambers at the top 
rear of the 3,000-A panels. Separate earthing arrange- 
ments are provided for each circuit breaker and a full 
complement of interlocks is incorporated. 

The main protection fitted to each generator-motor 
is a conventional circulating-current system, which 
requires two sets of three current transformers for 
each generator-motor. One of these sets is located in- 
side the switchgear on the busbar side of the 3,000-A 
circuit breaker. Adjacent to these bar-primary-type 
current transformers is another set supplying a three- 
pole overcurrent relay, and, also, a single-pole earth- 
fault relay is connected in the neutral lead. Duo-bias 
protection is fitted to both generator-transformers. 
Each can be supplied by two generator-motors 
through the 3,000-A circuit breakers. It is therefore 
necessary to mount bar-primary-type current trans- 
formers on the feeder side of the circuit breakers and, 
for each switchboard, to connect them to a common 
set of interposing transformers located in the centre 
panel. 

Any fault arising on the 16-kV busbar system im- 
mediately causes the tripping of both 3,000-A circuit 
breakers, and also of the 275-kV switchgear at the 
Trawsfynydd switching station. 

The Blaenau Ffestiniog pumped-storage scheme 
was described in the Leading Editorial of the Feb- 
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ruary issue of WATER Power, following a paper pre- 
sented by H. Headland to the Institution of Mechani- 
cal Engineers in London. 


Silicone Resin tor 
Asbestos-Cement Board 


Cement-bonded asbestos board is widely used as a 
non-inflammable and heat-resistant electrical insulat- 
ing material. In many applications, however, its high 
rate of water absorption with consequent loss of 
insulating properties is said to be a serious limita- 
tion, which can be overcome by impregnation of the 
board with a suitable silicone resin. 

Midland Silicones Limited, of 68 Knightsbridge, 
London, S.W.1, have recently developed a new resin 
especially for impregnating asbestos board. This is 
DP 2728, which is supplied as a low-viscosity solu- 
tion in toluene. Asbestos-cement board impregnated 
with DP 2728 is said to retain good electrical- 
insulating properties for very long periods, even in 
conditions of 100% relative humidity, whereas under 
similar conditions untreated board will soon show a 
serious loss of insulation resistance. 

Silicone-impregnated asbestos board is often used 
for arc chutes in air-break switchgear, or as spacing 
insulation on electrical apparatus under certain con- 
ditions. It is stated to be particularly useful in the 
construction of dry-type transformers, and as a substi- 
tute for paper-phenolic boards where heat or flame 
resistance is needed. 


Improved Pocket Penetrometer 


The soil penetrometer has become a useful tool for 
the rapid estimation of the unconfined compressive 
strength of some cohesive soils in the field, and an 
improved model has recently been announced by 
TESTlab Corporation of 3398 N. Milwaukee, 
Chicago 41, Illinois, U.S.A. This is a pocket model, 
which operates by pushing a stainless-steel rod into 
the soil until it penetrates to a depth of } in. As the 
piston penetrates the soil, a pressure is exerted on 
a calibrated spring, and, simultaneously, an indicator 
sleeve moves along a calibrated scale. The sleeve 
remains in position to facilitate reading, and has to 
to reset manually. The penetrometer, which is said to 
be easily dismantled for maintenance purposes, is very 
light and has a length of only 6} in. The scale is 
graduated to read directly in tons/ft? or kg/cm’. 


Modified AWCO Line Tap 


The Aluminium Wire & Cable Co. Ltd., of 2, St. 
James’s Square, London, S.W.1, have modified their 
aluminium-alloy ALCU Universal Bi-Metal line tap, 
by replacing the castings of the earlier design by forg- 
ings. It is stated that, as a result, a lower-cost tap of 
better appearance and improved performance has 
been provided. The new ALCU tap is available in 
two sizes, ALCU-10 and ALCU-20, and covers the 
same total range of conductor sizes as before, i.e., 
0-240—0-558 in diameter aluminium mains conductors 
and 0-092-0:300 in diameter copper service conduc- 
tors. The three sizes of soft aluminium tubes used over 
the service conductors are unchanged. 
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Abstracts from the 
World Technical Press 





Moselle Development 

This development is the outcome of the treaty 
signed by France, Germany and Luxemburg on 
October 29, 1956, for the purpose of ensuring the 
navigability of the Thionville-Coblenz stretch of the 
river for 1,500-ton boats. The works now in progress, 
as well as those to be instituted later, are described, 
and the article also lists the improvements of naviga- 
tion conditions that will result when the development 
of this major tributary of the Rhine is fully completed. 
The hydro-electric projects that are to utilise the ten 
storage stages contemplated on German and Luxem- 
burg territory are reviewed, and a more detailed des- 
cription of the Tréves installations is given. In addi- 
tion to comprehensive navigation facilities, this stage 
will include a power station equipped with four tubu- 
lar turbines of the Kaplan type with double govern- 
ing systems, designed for a discharge of 380 m*/sec, 
and an aggregate capacity of 18 MW;; the anticipated 
average yearly production will be approximately 
80 million kWh. The spillway block, consisting of 
three 40-m wide sluices and 3-5-m wide piers, is separ- 
ated from the power station by a pier and a fish pass 
extending downstream. The height of all these struc- 
tures has been kept as low as possible so as to blend 
with the surrounding landscape. Mention is also made 
of the Vianden development (WATER Power, March 
1960, p. 88), which is actually part of the Moselle 
scheme, as it is being constructed on the Our River, a 
sub-tributary of the Moselle. The two paragraphs 
concluding the article are devoted to the operation of 
the Moselle series of plants by co-ordinated releases, 
similar to the method applied to the Isar, Lech and 
Neckar systems in Germany, and to the pumped- 
storage schemes that are to be implemented upon 
completion of the Moselle development. One of these 
schemes, the Lower Moselle project, which is to be 
constructed between Miiden-Lemen and Coblenz, is to 
have an installation of four 90-MW sets, operating 
under an average head of 300 m with a maximum tur- 
bine discharge of 150 m* and a pumped output of 
80 m°*/sec. (Dr. Ing. Benno Kretzschmar, La Houille 
Blanche, November 1960, p. 690, 14 pp., 10 ff.) 


Present Trends in Penstock Design 

The great progress achieved in a few decades up 
to 1949 in the design of large penstocks supplying 
powerful high-head turbines is reviewed. Following 
this period, the advance up to 1956 was less spectacu- 
lar but was nevertheless marked by the execution of 
large-scale projects, such as the Pragnéres scheme, 
which involved the commissioning of overpressured 
self-hooped penstocks. At the present moment, an 
even more ambitious scheme, Roselend, is coming 
into operation. These recent developments, as well as 
other major projects now at the planning stage, have 
led to a revision of the articles and conditions of exist- 
ing specifications, especially those applying to operat- 
ing dependability. With the help of new computation 
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methods derived from the latest advance in mathe- 
matics, it is now possible to determine valid coeffi- 
cients of reliability, on the basis of which the numer- 
ous large penstocks that have been designed and 
installed can be operated with complete confidence. 
These methods, when applied to new developments, 
have enabled optimum factors of reliability to be 
determined, which fully meet the conditions under 
which the plants are established and operated. In 
addition to increased operating reliability, the quality 
of the constructional material involved has also been 
substantially raised by improved manufacturing pro- 
cesses, especially welding, and applying in factories 
and workshops modern means of control, such as 
ultrasonic testing equipment, which has now been 
perfected to a high degree of efficiency. Present trends 
also aim at determining a maximum value for the 
ratio of elastic limit to breaking strength, and at test- 
ing in the manufacturer’s shop the penstock sections 
at such a pressure that the corresponding stress is 
definitely lower than the elastic limit; this procedure, 
however, must be supported by a genuine and tangible 
coefficient of reliability corresponding to at least 
twice the working pressure. Other more recent trends 
endeavour to obtain absolute protection from any 
outside influences, including sabotage; this problem 
can be solved in various ways, according to the con- 
ditions confronting the designers in any particular 
development. At last, it has now become the rule 
to consider from the economic viewpoint the pen- 
stock and its associated civil-engineering works as a 
single unit. The extent of this civil-engineering work 
is a direct function of the structure of the penstock, 
and the solution involving the lowest expenditure in 
penstocks does not necessarily result in the cheapest 
layout. Heat-treated and tempered steels with a very 
high elastic limit are in increasing demand for manu- 
facturing welded penstocks, and their use proves par- 
ticularly advantageous in double-wall self-hooped 
penstocks, such as those selected for the stretch of 
the Roselend penstocks laid in a steel-lined tunnel. 
(G. Ferrand, La Houille Blanche, Vol. 15, No. 5, 
September—October 1960, p. 601, 16 pp., 9 ff.) 


Nelson River Development 

This paper, presented at the 74th Annual General 
Meeting of the Engineering Institute of Canada, deals 
especially with the dam and dykes of the Kelsey 
generating station, the first hydro-electric development 
on the Nelson River, which flows into Hudson Bay 
425 miles due north of Winnipeg. In this instance, 
economic and schedule considerations dictated that a 
rockfill dam should be constructed on bedrock across 
the river, and that dykes should be built on unfrozen 
and permanently frozen foundations. For the design 
of the 120-ft high, 955-ft long rockfill structure, which 
has a sloping core, extensive laboratory testing was 
performed on the highly plastic core material. Con- 
struction delays and inclement weather conditions 
necessitated slight design modification, and it was 
also necessary to complete construction of the core 
within heated enclosures placed upon the dam. The 
dykes on permanently frozen ground were constructed 
in winter of sand brought to the site by rail. It is ex- 
pected that the foundations will thaw gradually due 
to heat from the reservoir. Sand drains have been pro- 
vided in the foundations to facilitate drainage and 
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accelerate consolidation during thawing. Virtually no 
precedent was available, and design had to be based 
qualitatively upon theoretical heat-transfer and con- 
solidation considerations. The latter involved testing, 
under carefully controlled conditions, samples of 
frozen and thawed foundation material. Sensitive 
temperature and settlement measurement devices 
have been installed in the foundations to check per- 
formance and design assumptions. These observations 
will serve to give warning of any impending troubles, 
and will provide valuable information for the design 
of future water-impounding structures on perman- 
ently frozen foundations. Considerable settlement is 
expected and periodical or continuing maintenance 
may be necessary on these dykes. Construction, which 
began in June 1957, was to be substantially completed 
during the summer of 1960. The drainage area of this 
development to the site is 389,000 sq miles, and the 
reservoir area is 200 sq miles. The sluiceway, which is 
equipped with nine gates 40 ft by 43 ft 6 in of the 
fixed-roller crest type, is designed for a discharge of 
250,000 cusecs. The power station will have five 
generating units with an aggregate initial capacity of 
210,000 h.p., and provision will be made for a possible 
ultimate capacity of 420,000 h.p. (D. H. MacDonald, 
R. A. Pillman and H. R. Cooper, The Engineering 
Journal, Vol. 43, No. 10, October 1960, p. 87, 10 pp.. 
10 ff.) 


Riprap Placing at Oahe Dam 

An efficient and ingenious method has been de- 
veloped by the contractor for the Stage 7 earthwork 
of Oahe dam for placing riprap on the upstream face 
of the 90-million cu-yard embankment. The work 
involves placing 728,000 tons of riprap (top 3-ft layer 
of 4-in to 3-ft boulders), 95,000 tons of spalls (12-in 
middle layer of 2-in to 6-in spalls), and 90,000 tons of 
filter blanket (12-in layer of filter gravel placed 
directly on the rolled-earth embankment). A fleet of 
25 end-dumping trucks, with an average capacity of 
12 tons, transports the riprap from deposits within a 
20-mile radius of the dam. At the dam site, the trucks 
are lowered backwards a maximum of 550 ft down 
the face of the embankment on 600 ft of 2-in wire 
rope controlled by a power winch mounted on the 
rear of a heavy-duty crawler tractor. The slope is 
1 in 3, and the trucks are kept running in gear at all 
times to avoid rutting or otherwise displacing the 
spalls or filter blanket. The riprap is placed in two 
areas along the 9,300-ft embankment, each truck 
dumping its load as near as possible to the final posi- 
tion, and final placing is effected by cranes and 
3-cu-yard buckets. Both cranes operate on steel plat- 
forms supported horizontally on the embankment 
slope; there are three of these platforms to each crane, 
so that they can be leapfrogged and the cranes can 
work continuously. (Engineering News-Record, Vol. 
166, No. 6, February 9, 1961, p. 45, 2 ff.) 


An Improved Techniaue of Reservoir 
Desilting 

The technique described in this article is less of a 
novelty than an improvement of procedures previously 
applied to the Oued-Alfa, near Orleansville, and 
other Algerian reservoirs (WATER POWER, May 1956, 
pp. 163 and 174), and subsequently in the USA to the 
Cat Creek reservoir (WATER POWER, September 1958. 
p. 361). The main advantage of the technique is that 
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it can be applied without having to empty, even 
partly, the storage reservoir, the dam being holed 
under full working load. The method consists essen- 
tially in drilling from the downstream face of the dam 
almost horizontal holes, which open out on the up- 
stream face below the upper level of the silt layer, 
that is to say well below storage level. The points at 
which the holes reach the upstream face are protected 
by a diving bell acting as a watertight working cham- 
ber. This implies the initial excavating of a pit in the 
silt to enable the diving bell to be fitted on to the 
upstream face of the dam, against which it is tightly 
held by the pressure of the water. Since absolute 
watertightness is precluded by the fairly uneven sur- 
face of the face, the water in the reservoir is artificially 
frozen at the joint, so as to form a perfectly imper- 
vious seal. The handling of the diving bell is con- 
trolled from a special gantry moving on the crest of 
the dam. An access shaft laid against the face of the 
dam, and equipped with a lift, connects the platform 
of the gantry with the top of the working chamber. 
All the operations of the bell and the ancillary equip- 
ment are controlled from a master panel mounted in 
the control cabin of the gantry. All drilled holes are 
steel lined, and each is fitted with two special gates 
of very strong construction made of small-size com- 
ponents, which can be easily assembled or dismantled 
in the narrow space available. Four desilting holes 
have been drilled and fully equipped at the Oued- 
Fodda dam. They have operated several times and 
proved highly satisfactory. The very thick silt is ex- 
pelled in compact jets, with very little oscillation, 
from a height of 30 m into the valley. The whole 
equipment is kept permanently on the dam, so as to 
be put into operation at once in the case of a failure 
of one of the upstream gates or whenever maintenance 
work is required. (Roger Jarniac, Travaux, Vol. 44, 
No. 314, December 1960, p. 695, 14 pp., 24 ff.) 
Nore: La Technique de l'Eau, Vol. 14, No. 168, 
December 15, 1960, pp. 43-44, contains a short 
account of a lecture and film on the above subject 
presented by M. J. Thévenin at a meeting convened 
by Institut Technique du Batiment et des Travaux 
Publics and Société des Ingénieurs Civils de France. 


Mettur Tunnel Hydro-Electric Scheme 

Upon completion of its first stage, this scheme— 
the seventh project undertaken by the Madras Elec- 
tricity Department—will add 100 MW of installed 
capacity to the Madras grid, and will utilise the irri- 
gation water released from the Mettur dam reservoir 
to develop power for about seven months in the year. 
At present, the average irrigation demand is about 
four times the average discharge of the four 10-MW 
generating units of the existing Mettur plant. The new 
development is to draw the full irrigation discharge 
through a 500-ft long channel cut on the foreshore of 
the Mettur reservoir; the channel leads to the inlet 
of a concrete-lined pressure tunnel 45 ft in diameter 
and about 1,350 ft long. A surge shaft, about 200 ft 
deep, separates the tunnel from the four 21 ft 6 in 
diameter penstocks. Initially, the power station will 
house two vertical Francis turbines, each coupled to 
a 50-MW generator with step-up transformers and 
associated switchgear. A transmission system of 
110-kV and 230-kV lines will link the new power 
station with the existing grid. The Mettur Tunnel 
scheme, so named to distinguish it from the old Met- 
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tur development, has been included by the Govern- 
ment of India among other developments ear- 
marked for Russian aid, and the construction site 
was visited in May 1960 by a Soviet delegation. The 
two 50-MW units are to be delivered within two years 
of the signing of the contract with Machinoexport 
Corporation, Moscow. (V. P. Appadurai, Indian 
Journal of Power and River Valley Development, 
Vol. X, No. 11, November 1960, pp. 5 to 8, 1 f.) 


Surge-Tank Stability 

In this paper the author attempts to solve the 
problem of the hydraulic stability of surge tanks in 
the various intricate applications of this type encoun- 
tered in practice. The problems considered include 
cases in which the power system comprises a canal 
fed by an additional source of supply, as well as surge 
tanks fed by two reservoirs. The fundamental theory 
of surge tanks forms the basis of the paper. (P. 
Kaichev, La Houille Blanche, Vol. 15, No. 6, Novem- 
ber 1960, p. 678, 12 pp., 7 ff.) 

Nore: Other papers of water-power interest included 
in the above-mentioned journal are as follows: 
“Sudden Opening or Closing of an Outlet Valve in a 
Pipeline,” by T. Hayatashi and G. Ransford, p. 657; 
“Direct Solution for Determining the Diameter of a 
Rough Pipe in Turbulent Flow,” by N. Rajaratnam, 
p. 714; “Limits of Applicability of the Hazen-Wil- 
liams Formula,” by M. H. Diskin, p. 720. These three 
articles are printed in French and English. 


The New Schaffhausen Power Station 

In 1866, Schaffhausen, whose population then 
hardly exceeded 15,000, could boast of the largest 
water-power station in Switzerland, housing three 
300-h.p. turbines. The turbines transmitted their 
energy to the workshops along the left bank of the 
Rhine by means of a system involving massive piers 
erected close to the bank of the river, which carried 
mitre gears, differentials, and large rope-pulleys in 
pairs. Twenty years later, a second installation, the 
so-called B-station, came into being, also on the left 
bank, but it was only towards the end of the century 
that the rope drive was abandoned. The next stage, 
after another 20 years’ interval, was station C, on the 
right bank, which was a pumped-storage plant with 
two generating-pumping sets, and was one of the first 
schemes utilising surplus night and week-end produc- 
tion to meet peak requirements on working days. The 
new scheme, promoted by the Schaffhausen Corpora- 
tion and the Nordostschweizerische Kraftwerke AG, 
and approved on June 24, 1960, by the Federal 
Council, has the following characteristics: A low- 
deck-type dam is to be built on the left bank on the 
extended axis of station C, and will consist of a three- 
gate spillweir and a power station equipped with two 
Kaplan turbines operating from a net head of 6°75 m. 
The generating sets will be sunk into the floor of the 
building, and the openings provided in the roof of the 
machine hall for erection and repairs, as well as above 
the erection bay adjacent to the hall, will be closed 
by steel covers. These three pits will lie inside the 
track of the travelling gantry, which will handle the 
heaviest parts of the generating equipment, the turbine 
stoplogs, and the emergency gates of the regulating 
weir. The gantry rails will be 3-60 m above the head- 
race level and will form part of the upper horizontal 
plane of the power and spillweir blocks; there will be 
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no other superstructure, so that the harmony of the 
landscape will not be affected in any way. The scheme 
is designed for a net discharge capacity of 425 m*/sec 
and an output of 22 MW, and will produce, on com- 
pletion of the storage facilities planned in the catch- 
ment area of the Rhine, a mean annual output of 160 
million kWh, of which 52% will be during the six 
months of the summer period. The first generating set 
is expected to undergo its trial runs in August 1963, 
in order to be on line in the autumn of the same year. 
(A. Zeindler, Technica, Vol. X, No. 10, May 12, 1961, 
pp. 635-636, 3 ff.) 


Concrete-Faced Rockfill Dam 
The structure described is the Borumba irrigation 
dam on Yabba Creek, near Gympie, South-east 
Queensland, tenders for which were to be invited last 
January. The dam will be 145 ft in maximum height 
above the foundation by 930 ft in crest length, and 
will involve the placing of 450,000 cu yards of rock- 
fill and 24,000 cu yards of concrete. The rockfill em- 
bankment is to be constructed by dumping in lifts, 
provision being made for sluicing of the material with 
water as it is being dumped. One of the characteristics 
of the structure is an upstream zone of placed rockfill 
with a facing consisting of reinforced-concrete slabs 
about 1 ft thick and approximately 30 ft square. 
(Australian Civil Engineering and Construction, Vol. 

2, No. 5, February 3, 1961, pp. 43/44, 2 ff.) 





Keepit Dam Power Plant. In the abstract published 
in our June issue on the completion of Keepit dam 
it was stated that no power facilities were included. 
Although this dam was built for purposes of water 
regulation, water supply and irrigation, it contains a 
6,000-kW hydro-electric set which was supplied by 
The Harland Engineering Co. Ltd., Alloa, and has 
been running since the beginning of the year. It com- 
prises an 8,500 h.p. vertical Francis turbine running 
at 250 r.p.m. under a gross head of 130 ft, and driving 
an 11-kV 7,500-kKVA umbrella-type alternator. The 
spiral casing and draft tube were manufactured in 
Australia by Harland Engineering (Australia) Pty. 
Ltd., and the remainder of the turbine parts, the 
alternator and exciter were manufactured in Scotland. 





CLASSIFIED ADVERTISEMENTS 





Announcements for this column can be accepted up to the 8th 
of the month for the following month’s issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
2s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 

Displayed classified advertising for situations vacant, situations 
wanted, public appointments, are accepted at £2 10s. Od. per 
column inch. 


EDITORIAL ASSISTANT 


A QUALIFIED ENGINEER will shortly be required 
as editorial assistant to this journal. His qualifications and 
experience should preferably be in civil or hydraulic engi- 
neering or in corresponding laboratory work. Previous 
journalistic experience would be an advantage but is not 
a requirement. An aptitude for technical writing, however, 
is essential and some knowledge of languages would be an 
asset. The right candidate would be trained with a view to 
the eventual editorship. Applications should be addressed to 
The Editor, WATER Power, 33 Tothill Street, Westminster, 


London, S.W.1. 


WATER POWER August 1961 











MAN 


Another 
Major Turbine Installation by 


DOMINION 


Projects of the magnitude of Kelsey require 
rigid adherence to tight construction sched- 
ules. As a major supplier, Dominion delivered 
its turbines to site on or before the dates set 
by The Manitoba Hydro-Electric Board, to 
have all installations completed on or ahead 
of schedule. 





This achievement is particularly remarkable 
since Kelsey is the largest Canadian power 
station north of latitude 55°, and the remote 
location added to the normal difficulties of 
erection and transportation. 

The five Dominion Propeller Turbines at 
Kelsey have an aggregate rated capacity of 
210,000 HP. 


*Photos courtesy Manitoba Hydro-Electric Board. 





i ™ 





HYDRAULIC Wicket Gate and Head Cover Assembly in the 
DIVISION Dominion Plant. 


SOMINION ENGINEERING 
COMPANY LIMITED 


P.O. Box 220, Montreal, P.Q. Toronto — Vancouver 
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t b | are included in the manufacturing programme of Voith-Heidenheim. Typical axial- 
upuiar flow bulb-type machines are the 783-hp turbine for the Haslach Power Station (see 
photo above) and the 6,300-hp turbines for the Lehmen Power Station (see sectional 





° drawing). Two tubular pump-turbines, each rated at 7,000 hp, are in course of 
tu rbines manufacture in our workshops. For the Haslach Power Station, turbine and generator 
were -completely shop-mounted as one unit so that installation was confined to 

lowering the assembly into position on the site. Whenever space requirements are CRENO 

of primary importance, tubular turbines should be given serious consideration. Also Télés 


pump-turbines of the axial-flow bulb type will often be found the ideal solution 
to your specific problem. Our technical competence and experience in hydraulic 
engineering is at your disposal. 





© J.M. VOITH GMBH: HEIDENHEIM (BRENZ) - GERMANY 
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ALDEADAVILA - Spain 

6 vertical-shaft Francis turbines 

Output 125000 kW — Head 139m 
Speed 187.5 rpm 


Hydraulic and mechanical equipment for power stations and dams 
« Neyrfor » drilling equipment. Hydrodynamic transmissions. High-output 
fans (Stork licence). Hydraulic conveying and grading plant. Mecha- 

nically synchronised hydraulic bending presses. Equipment 


for irrigation and water supply systems. Wind-driven 
machinery Hydraulic measuring equipment. Equipment for 
hydraulics laboratories. Special equipment for nuclear 
engineering Assembling, welding and machining of large 
and complicated components. 


CRINOBLE Avenue de Beauvert PARIS XVI 2-10 Rue Bellin: 
Téléphone - 44 55 30 Téléphone PAS 51 09 


SPECIALISTS IN LIGHT AND HEAVY ENGINEERING 
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IN THE MANAGER’S OFFICE... 


. . . Production is planned, decisions are made 





THE TALK is of rising labour costs and falling prices, 
of bigger output and increased mechanisation, 

of new methods and modern equipment. 

Can they afford to scrap the old equipment 

and install the new? 

Or rather. . . Can they afford not to? 

Never before has the manager had available 

such good tools and so many of them 

to help solve these problems. 


ON THE MANAGER’S DESK... 


.. “MINE AND QUARRY ENGINEERING” is relied upon 
to keep him informed of new methods of production 
and the latest technical progress. 

When he buys new plant and equipment 
its advertisement pages exert a continuous influence 
and act as a persistent reminder. 


MINE & QUARRY ENGINEERING 


33 TOTHILL STREET * LONDON ~<_ S.W.1. Telephone: WHltehall 9233 





- «+ mining and 


quarrying 
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For your power station 


Regulating, Protecting and Synchronizing 
iiieidilaaiis Equipment! 


A suitable model for every 
size of machine and every 


lati duty. A ‘ . 
aa Over 90,000 Brown Boveri quick- 
acting regulators have been 

installed since 1909. 


Automatic synchro- Machines with an aggregate 


nizers its 
‘ rating of millions of kVA are 
or generating stations and 
substations; require little synchronized and protected by 
space, no maintenance, no ; 3 
adjustment; low power Brown Boveri equipment. 
consumption. Rapid and 
reliable. 


Our long experience may be 
of service to you. 





Generator _ protecting 





gear a 
comprising proved appara- /BROWN 
tus protect old and new | 
machines. Adaptable and \ BOVERI 
dependable. NI 





66280 Vilb 


BROWN.BOVERI :co..10. 


BADEN : SWITZERLAND 





Represented in Britain by British Brown-Boveri Ltd., 75 Victoria Street, London S.W.1 
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...How was this made ? 


Castings from a few 
ounces to 20 tons 


NON-FERROUS CASTINGS 
HIGH DUTY IRON CASTINGS 
PRECISION MACHINED 
BUSHES & BEARINGS. 


This intricate hollow design casting 
in aluminium-bronze is only one of 
the many different specials regularly 
produced each week by the BIRSO 
foundries. Welded together from six 
separate sections to make a complete 
unit measuring 6 ft by 4 ft, the design 
is a patent of W. Knowles Trotman 
and used in the manufacture of paper 
and board throughout the world. We 
are specialists in the casting of 
specials — contact us today for full 
details of our facilities — and if 
you’ve a really difficult casting 
specification, send that too. 









Consuit pirkert BW ns 


T. M. BIRKETT, BILLINGTON AND NEWTON LIMITED 
HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 
Head Office: HANLEY, Phone: Stoke-on-Trent 22184/5/6/7 LONGPORT, Phone: Newcastle, Staffs. 51433/4 
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THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation and 
Railway News. Weekly 2s. Annually £5 by post. 


DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in diesel-engine 
design and diesel railway traction. 
Monthly 2s. 6d. Annually 35s. by post. 


SHIPBUILDING AND SHIPPING RECORD 
A journal of Shipbuilding, Marine Engineering, Docks, Harbours, and 
Shipping. Weekly 2s. Annually £5 by post. 


NEW COMMONWEALTH 
Describes and illustrates significant developments in production, 
trade, transportation, and related spheres in all countries of the 
Commonwealth. Monthly 2s. 6d. Annually £2 by post. 


COLLIERY ENGINEERING 
A practical journal for Colliery Managers and Engineers, and 
manufacturers of Colliery Equipment. 
Monthly 2s. 6d. Annually £2 by post. 


COKE AND GAS 
A technical journal dealing with the scientific and technical prob- 
lems involved in the production of coke and gas in coke ovens 
and gasworks. Monthly 2s. 6d. Annually 35s. by post. 


THE INDUSTRIAL CHEMIST 
A journal devoted to the progress of applied Chemistry and 
Engineering. Monthly 2s. 6d. Annually £2 by post. 


woop 
A practical journal, authoritatively written, superbly illustrated, 
dealing with the growth, marketing and use of wood in all its 
forms. Monthly 2s. 6d. Annually 35s. by post. 


FOOD PROCESSING AND PACKAGING 
A journal devoted to the manufacture, packaging, and marketing of 
pro-essed foodstuffs. Monthly 2s. 6d. Annually £2 by post. 


WATER POWER 


A technical journal devoted to the study of all aspects of Hydro- 
Electric Development. Monthly 2s. 6d. Annually £2 by post. 


THE RAILWAY MAGAZINE 
A popular magazine containing illustrated articles on Railways and 
Locomotives. Monthly 2s. 6d. Annually 35s. by post 
MINE AND QUARRY ENGINEERING 
Articles of technical nature cover geology, modern methods of 
prospecting, the winning of ore and stone, the dressing of ore and 
minerals, and extraction metallurgy. 
Monthly 2s. 6d. Annually 35s. by post. 


TOTHILL PRESS LIMITED 
33, Tothill Street, Westminster, London, S.W.1! | 

















52 WATER POWER August 1961 























BALFOUR 


BEATTY 
& CO. LIMITED 


CIVIL AND ELECTRICAL ENGINEERS 
AND CONTRACTORS 


Comprehensive Engineering Service 





for projects in all parts 
of the world 
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Steel Piping, riveted or welded; straight lengths, 
bends and specials, from 10 in. diameter up- 
wards. Standard or special joints supplied. 
Head Office: Bow Bells House, Pipeline construction in any part of the world. 


Bread Street (Cheapside), London, E.C.4. 


ii MECHANS 


CANADA : EAST AFRICA : NIGERIA 


io 





MALAYA : PAKISTAN : IRAQ 
SCOTSTOUN IRON WORKS, GLASGOW, W4. 


—_ Telephone: Scotstoun 1231 
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HITAGHI 


Another 
Big 
Hydraulic 
Turbine 
and 
Generator 
by 
Hitachi 





Hitachi has recently completed two 137,500 kW/125,000 kVA hydraulic turbines and generators 
for the Miboro Power Station in Central Japan. The turbine is of the vertical-shaft Francis type, 
and specified for a speed of 225 r.p.m., a maximum effective head of 200m and 76.6 cu.m/sec. 
water flow, making it one of the largest units of its kind in the world. Its runner has a maximum 
diameter of 3.7m and the main shaft a diameter of 95cm. The spiral casing, which was construc- 
ted in 13 sections to facilitate transportation to the site, has an inlet diameter of 3.35m and an 
outer diameter of 11.2m. 

The generator presents a high-torsoed appearance, having been so designed in consideration of 
the comparatively high speed. Since the generator was designed for a rated voltage of 16,500 
volts and. in this respect, represents the first such attempt in Japan, particular care was taken 
in the corona-shielding and impulse resistance of the stator winding. The generator is rated at 
60 cycles, 225 r.p.m. and 0.9 power factor, but is also capable of operating at 50 cycles, 187.5 


r.p.m. and 1.0 power factor. 
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KARIBA 





Consulting Electrical and Mechanical Engineers: 


Messrs. Merz and McLellan 


Six 100-MW generators for Stage One of the massive 
hydro-electric project at Kariba, onthe Zambesi river, have 
been supplied by AEI. They are the largest hydro-electric 
generators in the entire continent of Africa. 


Associated Electrical Industries Limited 
Heavy Plant Division 
RUGBY & MANCHESTER, ENGLAND 
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